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• 20. ABSTRACT

• 
‘

~~The hydraulic system frequency response (HSFR) computer program was

developed to simulate the dynamic response of a hydraulic system to the

• acoustic noise generated by the pump . Detailed instructions for modeling the

system pump , lines, and components , and for using the program are presented .

For a selected system pressure, temperature , flo’i, and pump speed range ,

the program calculates the pulsation pressure and energy levels generated by

the pump . It predicts the amplitude and location of the resulting acoustical

standing waves, and how these waves are transmitted and attenuated throughout

the hydraulic system. The program may be used for acoustical analysis in the

pressure side or both the pressure and return sides of the hydraulic sYstem.N

Estimated line lengths and sizes from preliminary design work give a ‘N
good estimate of hydraulic system natural frequencies and pressure amplitudes .

The program outputs plots of the peak flow , pressure, and impedance

amplitudes of any selected harmonic of the pulsation noise versus pump speed

for selected locations in the system. In addition , the program outputs

plots of total acoustic energy density and intensity (power) versus pump

speed .
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SUMMARY

The hydraulic system frequency response (HSFR) computer program was

developed to simulate the dynamic response of a hydraulic system to the

acoustic noise generated by the pump . Detailed instructions for modeling the

system pump , lines , and ccmponen ts, and for using the program are presented.

For a selected system pressure, t(’lperature, flow and pump speed range ,

the program calculates the pulsation pressure and energy levels generated by

t the pump . It predicts the amplitude and location of the resul ting acous tical

• standing waves, and how these waves are transmitted and attenuated throughout

the hydraulic system. The program may be used for acoustical analysis in

the pressure side or bo th the pressure and retu rn sides of the hydraulic

system .

Estimated line lengths and sizes from preliminary desi gn work give a

good estimate of hydraulic system natural frequencies and pressure amplitudes.

The program outpu ts plo ts of the peak flow , pressure, and impedance amp li tudes 1
of any selected harmonic of the pulsation noise versus pump speed for

selected locations in the system. In addition , the program outputs plots of

total acoustic energy density and intensity (power) versus pump speed.

H
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• 1. INTRODUCTION

The Hydraulic System Frequency Response (HSFR) program predicts how

oscillatory flows and pressures caused by the acoustical energy content of a

pump output are transmitted through the lines and components of a hydra ulic

system. Resonance can occur if a frequency of this oscillatory output

coincides with a natural frequency of the system, or of any par t of the

system. Patterns of standing waves similar to those observed in organ pipes

are generated . A resonant condition can produce large oscillatory pressure

and flow amplitudes. Resonant acoustical noise can cause excessive line

motion and stresses resulting in premature failure of system lines or

components.

The HSFR program predicts the pump speeds at which major resonances

occur , and defines the amplitude and location of the oscillatory pressure and

flow standing waves. The descrip tion of the sys tem being simula ted is easily

changed to investigate various practical system modifications for the

• attenuation and/or relocation of the major resonant conditions . This

capability allows potential problems rela ted to hydraulic acoustic energy to

be eliminated during the design stage .

L The program is written in Fortran IV language for use on the CDC 6600 or

IBM 360 computer systems. A punched card deck is used to inp ut the program

to the machine while output is by line printer.

A user ’s manual for the HSFR program is presen ted he rein , describing

in detail the simula t ion of a sys tem and the in terpre tation of program

output . Volume IV of this report , under separate cover , contains a detailed

technical description of the HSFR computer program.

_ _  

1-1
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The user must describe the system to be simulated by means of punched

data cards. The description includes the type and physical characteristics

of each of the elements of the circuit. An element may be a pump , a section

of line, a fitting, a component, or a branch. The F—l5 aircraft number one

power control system (PC—l) is used herein to illustrate circuit modeling

and program output.

The user completes the problem statement by specifying the range of

• pump speed and the harmonic of interest, the locations at which flow,

pressure, impedance, and/or energy levels are to be plotted , the fluid type ,

the fluid temperature , and the steady state pump output pressure . The

program calculates the applicable fluid properties for the specified system

temperature and steady state pressure via a special functional subroutine ,

FLUiD.

The program calculates the oscillatory pressures and flows at the input

to system elements. Standing wave characteristics produce large variations

in pressure amplitude along the length of a line. Division of a length of

line into small elements may be required to allow this standing wave pattern

to be examined to ensure than an excessive pressure amplitude is not being

ignored -

Acoustic analysis may be performed on the pressure side of the system ,

or on both the pressure and return sides of the system.

I~ 
~~~~ 1—2
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2.  PROGRAM INPUT

2.1 System Descript ion

• The system to be investigated must be carefully described in block

diagram form before the data input cards can be produced. The elements which

make up the circu it must be iden tified by type and located sequentially.

The only rule which must  be app lied to the sequential  numbering process is as

follows :

ALL ELEMENT W}IICH ARE CONNECTED IN SERIES MUST BE NUMBERE D SEQUENTIALL Y ,

STARTING WITH THE PUMP AS ELEMENT NUMBER 1. A BRANCH LINE MUST ALSO BE

NUMBERED SEQUENTIALLY , WITH THE HIGHEST NUMBER APPLIED TO THE TERMINATING

ELEMENT .

Figure 2—lA illustrates the numbering scheme using the F—iS PC—i pressure

system as an example of a complex circuit con tain ing several branches of

var ious lengths . The logic of the program would deal correctly wi th  the

same system if the numbering scheme in Figure 2—lB were used.

Fi gure 2—iC illustrates the modeling of both the pressure and return

sides of the F— 15 PC—I sys tem. The pressure side is numbered as described

above up throug h the terminat ing pressure element , in this  case the servovalve ,

element #26 . The next sequential  elemen t ( # 2 7 )  is the pump in le t  which is

iden tif ied as a dummy element , NTYPE 7 and KTYPE 1. The re turn  system is

• 
• then modeled sequen tiall y from the pump inlet up through the terminating

return side element. In this example the return side is modeled back to a

sing le servovalve , which s imula tes  terminat ion of the r e tu rn  side at

element #36.  -

Data cards must be stacked in order b y the user , since the input  data

does not include the sequential element identifi cation number. The
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sequential element identification number is printed out with the element

input da ta, and should correspond to the numbers assigned by the user in

describing the circuit. The program is presently dimensioned to handle a

maximum of f o r t y  (40) circuit elemen t records .

• 2.1.1 Element Description — Figure 2—2 i l lustrates the element descrip tive

data for  the i l lustrated F—l 5 PC—i pressure system , which is input  to and

printed out durin g execution of a typ ical program .

Fi gure 2—2.1  shows the element data for  the i l lustrated F—15 PC—l sys tem

combined pressure and return model. All the types of elements that the

program is capable of describing are discussed in Section 2 . 3 , including

type numbers (NTYPE and KTYPE) and the physical character is t ics  required to

define each type of element. For example , from Section 2.3.1 ELEMENT NUMBER

4 is seen to be a line (NTYPE 1) of length 4.50 in., outside diameter 0.625

in., wall thickness of 0.032 in., and modulus of elas tici ty 16 x 166 lbs/in.2

(t i tanium) .

Each element data list has space for a subtype number (KTYPE) - KTYP E

allows alterna te element sub types to be described , or allows subrou tines of

vary ing degrees of complexity to be called by the main program . Also , KTYP E

is used to indicate that more than one data card must be read for a given

• e lement.  In the example , KTYPE 21 for the pump (element number 1) indicates

that two extra data cards ( to ta l  of 3 cards) must be read fo r  the pump

( f i r s t KTYPE di git 2 ) ,  and t ha t  the detailed PUMP subroutine is being used

(second digitl).

2. 1.2  Circui t  Termination — Each branch c ircui t  must have a te rmina t ing

element , otherwise, an error message is generated.  
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FIGURE 2—2.1 Element Input Data for F—is
PC—i Pressure and Return System
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A branch circuit may be terminated by any element , except a pump . A

circuit is usually terminated with a valve or a line element. Termination

with any element other than a valve results in a closed circui t analysis , i.e.

zero output flow . A valve termination (NTYPE=i4) results in an open circuit

analysis , where the ou tpu t pressure is se t to zero to simulate an open ended

termination .

Circuit termina tion is indica ted by the insertion of a “1” in fron t of

the basic NTYPE number. For example , element number 23 is a valve termina t ing

a branch line , consequen tly its NTYPE identification is 14, rather than ~+ .

2.2 General Control Input Data

This group oust include three card s to input the t i t le  of the run , the

number of elements in the model , the fluid type , the fluid temperature , the

stead y state system pressure , the pump speed ran ge , and the harmonic of

interest.

Card 1 — Title Card

Up to ei ghty  characters may be used for a t i t le, which will appear on

each page of output. Use a blank card if there is no title .

_ _ _



Card 1 — Continued

_ 
_  _ _ _ _ _ _ _ _  _ _ _

COLUMN S FORMAT DATA DIMENSIONS

1—80 lOA8 Title —

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

_  _  _ _ _ _ _ _ _ _ _  _ _ _
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Card 2 — Number of Elements, Fluid, Temperature,  and Pressure

Contains the total number of elements (NEL) in the circuit, including

the pump , wh€o ther the pump subroutine or the empirical pump model is to be

used . System temperature is the average temperature of the circuit being

analyzed . Pressure is the average steady state pressure in the circui t

- ‘ being analyzed . The user oust specify the type of fluid used in the modeled

system. A functional subroutine, FLUID , described in Volume IV , compu tes the

required f l uid proper ties fo r  the fluid tempera ture and pressure speci f ied

by the user. The program computes properties for MIL—H—5606B, MIL—H—83282A,

or Skydrol 500B fluids. The data used in the subroutine FLUID is based on

the bes t source da ta available on fluid properties. The user may also input

density,  adiabatic bulk modulus , and viscosity data directly into the

program , if it is desired to use data or a f lu id  type o ther than tha t

provided by the subroutine FLUID . User specified f luid  data mus t be as

corrected to the specified fluid t emperature and pressure . Fluid propert ies

and the FLUID subroutine are discussed in Volume IV.
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_ _ _ _ _ _ _ _ _  _ _



Card 2 — Con tinued

COLUMN S FORMAT DATA D I ME NS !oN ~

1—5 15 Total number of circuit elements (NEL) —

6—10 
- 

IS User option = 0 -

• 
- ________ ________ 

MIL—H—56O6 B l —

MIL—H—83282=2 —

SKYDROL SOOB= 3 -

11—20 FlO.O System Temperature °F

21—30 
_______ 

System Pressure PSIG

31—40 
_______ 

Fluid Viscosity or blank IN 2 / SEC

41—50 
_______ 

Fluid Density or blank LB—SEC2/ IN 4

51—60 
________ 

Fluid Adiabatic Bulk Modulus or blank PSI

(MIL—H—5606B I2luic~ Specified)

- 
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Card 2 — Cont ’d

(User Option—Direct Fluid Data Input)
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Card 3 — Pump Speed and Frequency Data

I Contains the first and last pump speed (rpm) at which the program

calculations are to be performed, the increment (rpm) between speed calcula—

tion points , the harmonic for  which output plots are desired , and the number

of pump ing pistons.

To ensure that satisfactory output p lots are obtained , the total  number

r of increments should not exceed 100, the start , f inish, and incremental rpm

values should all be even numbers , and the s tart  speed should not be zero.

C All input values are real numbers. If no harmonic is specified, the output

plots will be fo r  the f i rs t (fundamental) harmonic .
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Card 3 — Continued

COLUMN S FORI4AT 
‘ DATA DIMENSION S

1—10 Fl0 .O Start  speed RPM

11—20 F l0 .O Finish speed RPM

2 1—30 FlO .O Speed increment RPM

31—40 F 1O .O First  Harmonic l., 0, or blank —

Secon d harmonic 2 .  —

Third harmonic 3. —

etc. l0 . maximum —

41—5 0 FlO .0 Number of pump ing p istons —
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2.3 Circuit Element Input Data

This group must contain one card for each element , arranged in the  same

sequence as the elements were numbered in the  block diagram discussed in Sec t ion

2.1. The pump ca rd ( s )  is p laced f i r s t , followed by the card(s )  for  element

number 2 , and then by the remaining cards in numerical order , up through the

highest numbered terminat ing element , e .g .  valve element number 30 for  the  c i r c u i t  —

illustrated in Section 2.1.

The data required for all of the types of elements that the program is

capable of describing , and example inputs for each , are discussed in the  f o l l o w i n g

paragraphs .
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2.3.1 Lines

2.3.1.1 ~~~~~~~~~~~~~~~~~~~~ 
— The input data 

required for a 
hard_line tubing

element are line length
, outside diameter

, wall thickness , and Young ’s modulus

of elasticitY . A fi t ti ng  element may be modeled using the same input data

parameters as fo r  a r ig id line .
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2.3 .1 .1  Rigid Lines (Tubing) 
— 

Cont ’d

COLUMN S FORMAT DAT A DIMENSIONS

1—5 15 NTYPE 1

6—10 15 KTYPE = 0 or blank

11—20 Fl0.0 Line Length IN

21—30 F 1O.0 Outside Diameter  IN
- ‘ 31—40 F 10.0 Wall Thickness IN

41—50 F lO.0  Modulus of E las t ic i ty  PSI

1 4 .~ , • fl:3~ j~~.F) fl I~ f l F 17 F’) ,

I 2 4 4 4, 6 2 4 10 I I  I ’ ‘4  5 6 I F  I t  I S  I D  2 1 2  2 3 2 4  25 26 27~~~ 21 13 1  13 34 15 32 37 3 9 4 3  II  4 1 1 1 4 4 4 3 4 6  l u ll  3 )  32 4,0 14 55 56 57 3 8 7 9 0 3  I I  £ 2 6 3 6 4
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0 2 . 3 . 1 . 2  Flexible Hose — The input data  fo r  a hose are the ac t ive  leng th  e x c l u d i ng

- 

the  hose end f i t t i n g s, the inside diameter , and the  volumetr ic  expansion due to

pressure expressed as an equivalent bulk modulus.  Equiva len t  bu lk  modulus is-

- obta ined  from exper imenta l  da ta  centered about the working pressure accord ing

- to the  fo l lowing  express ion.

- Bulk Modulus = (Pressure Change) x (Total Hose Volume)
• (Volum e Change)

_ _ _ _  ~~~~~~ _i~j



2.3.1.2 Flexible Hose — Cont ’d

COLUMN~ FORMAT DATA D IMENSIONS

1—5 15 N T Y P E = 1  —

-: 6—10 15 KTYPE = 1 —

11—20 F lO .O Line Length IN

-~~ 
- 21—30 F 1O.O Inside Diameter IN

• 3 1—40 F lO . O  Blank —

4 1—50 F 1O.O Bulk Modulus  PSI
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~~ 2 , 3 . 2  Resonators

2 . 3 . 2 . 1  Lumped Volume Resonators

The input  data for  a lumped volume resonator includes the length of the

neck , inside diameter of the neck , neck wall thickness , Young ’s modulus of

e las t i c i ty  of the neck mater ia l , and cavity volume . Entrance angle e f f e c t s

are not considered .

_______ _______ Main Line
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2 . 3 . 2 . 1  Lumped Volum e Resonators — Cont ’d

COLUMN: FORMAT DATA DIMENSIONS

1—5 15 NTYPE = 2 —

6— 10 15 KTYPE 0 or blank —

11—20 F lO.0  Length of Neck • IN

2 1—30 F lO.0  Internal Radius of Neck IN

31—40 FlO.O Wall Thickness of Neck IN

41— 50 F10.0 Modulus of Elast ic i ty  PSI

51—60 FlO.0 Cavity Volum e IN 3
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2.3.2.2 Puisco Acoustic Filter

The input data for an acoustic filter is on four cards. The first card

contains the three volumes. Each of the last three cards contains the length ,

- 
• outside diameter , wall thickness and line modulus of elasticity for each of

the three internal lines. Line data is input in the order of line 1, line 2,

and line 3.

Line 1 VB Line 3

Volume VA_\
\
~~~~~~~~ ~

‘\\

~~~~~~
Line 2

NOTE

This device is manufactured and marketed by the

Pulsco Division
American Air Filter Company , Inc .
Louisville, Kentucky

‘
-4 ’ 

The design and/or inventions disclosed are the proper ty
of American Air Fil ter  Company , Inc . ,  Puisco Division .
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2.3.2.2 Pulsco Acoustic Filter — Cont ’d

First Card

COLUMN5 FORMAT DATA DIMENSIONS

1—5 15 NTYPE = 2 —

6-10 15 KTYPE = 32 —
11—20 F lO.O Volume A (VA) IN 3

21—30 FlO.0 Volume B (VB) IN3

31—40 FlO.O Volume C (VC) IN3

11.
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2.3.2.2 Pulsco Acoustic Fi l te r  — Cont ’d

Cards 2, 3, and 4 (Typical) _______________

COLUMN FORMAT DATA DIMENSIONS

1—10 F10.O Line Length IN

- 11—20 F1O.0 Outside Diameter IN

21—30 F1O,,O Wall Thickness IN

31—40 FlO.O Modulus of Elasticity PSI

- ~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1) 11 ” I •  , , . . l I . . S , , • , ~~~~ l ’ I ’”.  
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2 .3 .3  Volumes

2.3.3.1 Volum e Without Losses

- 
I Input data for a volume element is the volume itself. This assumes no

- internal losses in the volume element. For example, a filter cavity may be

modeled as a simple volume.
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2.3.3.1 Volume Without Losses — Cont ’d -

COLUMN S FORMAT DATA DIMEN SIONS

1—5 IS N T Y P E = 3  —

6—10 15 KTYPE = 0 or blank -

11—20 ElO.3 Volume IN3

3 14.5
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~~~ ~~~ 

~~~~~~~~
4 I I I~ 

S I II  I I I  I I I IS ‘I CC I I I  . 4 -~~‘1 I I  II I .1 I I  / 3 1 11 . , l  I’  II 1q 46 5 ’  41 41 14 Il ~ I ’ l l  I l l S ) )  17 13 C I  3~~II 31 15 11 ? ’ 3 C 1/ Il ls 43 I I1 4 1  4, 44 ‘ 1 1 1 1 2  ‘ 1 I I I  ‘S ‘1 45

~~~ ‘3:1~ ~~ 5 5  5 ~~~ 5 5 0 5 5  7 5  0 0 5  ‘3 5 5 5 5 5  0 5 0 5 5
I I I I I I

6 0 6 6 6 3 6 6 1 6 6 6 6 6 C C  ( 5 0 0 6 6 6 6 6 6 6 6 6  6 6 6 ( 6 6 6 6 6 6 6  , 5 G I 6 0 6 6 9 6 6 6 G 6 1 6 6 6 6 6  3 6 6 6 6 1 6 6 6 6  C 6 6 6 6 6 5 6 6 6 6
MCDONNELL AUTOMATION COMP,~~o ! ’

7 1 7 7 1 1 7 7 7 7 ? ?  7 7 7  7 I 7 ~~~~~ 3 7 1 7 7 7 I 7 7 7 ? 7 7 ?  1 7 1 1 1 1 7 1 1  I I I  1 7 I 7 7 7 7 7 1 7 7 7  7 1 7 7 1 1 7  1 7 7 7  7 7  7 7 1 7 7 7 1 7 7 , 7 7 1 7 7  
~~
‘
.

— ‘ I 
I I I I I I I . :._

$ 7 ~~$ ~~ $ ~~~~~~~~ 0 0 0 0 8 0 8 0 : 9 1 0 8 0 8 $ 5 1 1 ( I 1 1 6 4 1  0 8 8 8 8 0 0 0 9 0 0 0 0 0 8 0 0 0 0 0 8 8 0 8 0 0 0 0 0 0 0 0 8 0 0 0 0 : ;
I1 I I I : I

9 9 9 1  ~ 9 9 9 8 9  8 9 9  0 J  3 9 9 9 9 9 8 0 9 , 8 9 9 9 9 3 3 9 5  93 9 8 9 9 3 9  1 9 7 9 9 1 9 9 9 0 9 9 3 3 9 9 9 9  9 9 9 9 ,9 9 9 9 0 9 8 9 9  III 9 9 0 3
I I I 4 5 1 I 5 $ 5 13 I I , S I 5 1 , 3 : 1  C l ’ C ’I ! , I ’, II  ‘I ‘I I, I- I I I  C l  II ‘ I I I Cl 1 7 5 1  5 I I I  I’  ‘ I I ’ ’ ?  I ,  ‘ 1 ’ 1 1 4 - IS  ~~~‘‘ ‘ ‘ ‘ ‘ ‘  I I C  ‘ ‘I IF 1~~~’ ’ ’ ’1 ‘ L I  I S S

II.

_ _  _ _



— TT~~~~~~ 
- -

~~

--—

~~~

-

~~~~~~~

2.3.4 Valves

2.3.4.1 Simple Valves — The input data for a valve element includes the valve

gain linearized at the steady s tate  circuit  flow through the  valve . De te rmina t i on

of valve gain is discussed in section 2.3.4.2. Valve gain is expressed as pressure

drop (psi) per unit f low rate  (cubic inches per second) . Flow out of the  c i r c u i t

being analyzed is input for terminating valve elements. This “overboard f1o~”

is the steady state flow through the terminating valve at the input steady state

system pressure.

2.3.4.2 Determination of Valve Gain — Typical valves which may be modeled are

system s h u t — o f f  valves (low gain) , e lec t rohydraul ic  servovalves , m e c h a n i c a l  servo—

valves , and combinations of eleetro—rnechanical  servovalves , such as may be found

in an integrated actuator package.

For a valve p ressu re/ f low re la t ionship  of the form

P = KQ~ where:  P = pressure drop (ps i )
Q f l ow r a t e  ( c i s )
K = cons tant
n f low exponent P = KQ

the l inearized valve gain (G) may be determined from 
- G

C = ~~ = nKQ~~~
1 // 

-

Q 
/Al— Steady Stal

but  K P 
,,,~

/‘ Point

t h e r e f o r e  C = ____________________Q Q
If the valve flow can be characterized as an orifice (n = 2), then the

gain is c = 
2P 1 5  The o r i f i c e  r e l a t ionsh ip  is typ ica l  of e l e c t r o hy d rau l ic

servo valve stead y s ta te  control  f low . If the va lve f low can be c h a r a c t er i z e d  as

laminar for the steady state condition , then n = 1 and the  gain is C = P
, The

lam inar relationship is typical for null leakage flow across lapped spool vIlives ,

e . g .  mechanica l  servovalves , and the second s tage  of an e l e ct r o h v d rau l i v a l vc .

2—26
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Parallel valve elements , for  instance those within an electro—mechanical

integra ted servoactua tor , may be combined for modeling as a single valve elemen t

by computing an equivalent gain (Ge) for all the parallel flow paths .

1 1 +
1 1

G G 1 G2
+
G
3 

S

Empirical pressure d rop / f low data , if available, should be used to calculate

the gain at the steady state flow condition . The flow relat ionship may be

assumed unless the flow exponent is available from empirical data.

_ _



- ‘ I
~~~~

’
~T~~~ ~

‘
~T ’ ~~ T ’ T ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2.3.4 Valves — Cont ’d

COLUMNS FORMAT DATA DIMENSIONS

1—5 15 NTYPE = 4 (non—term valve) -

NTYPE = 14 (term . valve) —

6— 10 IS KTYPE = 0 or blank —

11—20 F 1O.O Valve Gain PSI /CIS

21—30 F1O.O Circuit Overboard Flow

________ ________ Non—term ,_ valve = 0 
________________

________ ________ 
or_blank 

________________

Term . Valve = Valve flow CIS

TERMINATING VALVE

‘ 7~ 14 :3~ 9L1, . l I~~ t)

1 1 4 !

I 3 3 4 S 1, ‘ I 5 - j  I I  12 3 14 15 1 . 1 1 18 19 2 )  C I  72 fl 21 23 U I ’  1 f l 3 3  I I  r 31 II IS ’S 5’ ‘4 ~ 1 1 0 5  - 41  4 ’  44 45 4( 4? 4? 44 53 3, ‘_ .  ? I I ’ S  15 5 7  53 ‘‘I I )

0 0 0 0  0 :3 0 0 7 0 0 0  0 3  0 0 ,  a la 00 0 0 :000 1 0 10 0 0 0 0 , 0 0 0 0 0 3 0 0 0  c:o o o o  o~o 0 0 0 0 0 0 0 0  0 ’O 0 0 0 90 0 0 0 0 0  C 00 o:o 0 0 0 0
I 7 I 4 ‘ C S I 4 C I L C L CI ’ I ’I II I 3 1 C 1 12 11 4 7I

~
:3 C l I S I I I  I I  11 13 ‘I  11 1 21 II 15 71 43 I C  41 ,3 14 II I 4I 1 1 4 511  I~ II 12 11 1? 111 14 11 11 11 43 s C  I/ Il 1411, 13 1’ II 31 14 C I  I ’ I ’l ’ ll ’ s II ‘S ‘I II

I l l  ? ?  l ? l 7 ? l ? l  ? l  h I l l  l i i i  I I ? ? ? ? ? ?  1 1  1 I I I ?  I I ?  ? 1  l i i i ? ? ? ?  I ?  1 7 1 7 7 1 ? ?  1 7  7 7 7 1 ? ? ? ?  1 1  h i ?
I I I I I I I I

2 2 2 2 2 1 2 2 2 2 1 ! 2 2 2 ? I 2 2 2 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 7 2 2 I 2 2 2 2 2 2 2 2 2 2 I 2 2 7 2 2 2 2 2 2 2 I 2 7 2 7 2 2 2 7 2 2 I 2 7 7 7 2 2 2 2 2 7 7 7 2 7 2
I , I I I I I I
I , I I I I I ‘ I3 3 3 3 3 , 3 3 3 3 3 1 3 3 3 3 11 3 3 3 1 3 3 3 3  3 1 3 3 3 3 3 3 3 3  

~ ~~~~~~~ ~~~~~~~ ~~~~~~~ ~~~~~~~
I I I I I I I I

1 4 4 4 i ~~4 4~~4 t  4 4 4  4~ 4 4 4 4 1 4 4 4  -1 :7 4 4 4 4 4 4 4 4 4 1 1 4 4 1 4 4 4 4 4 4 1 4 4 4 4 4 1 1 4 4  4~ 4 4 4 4 1 1 4 4 4 : 4 4 4 4 4 4 4 4 4  4 ; 4 ~~~
I 1 1 

I 5 I ‘ C I  I/ Il 5 1 , 5  I C I 1 , _ I lI~~~~4 ‘ 3 1 75 ‘I 1 1 1  11 21 11 1 , _ I ll 1 1111 5 ’ II  II 1C ’I I~ 11 11 :3 _ I  11 11 .1 11 1 11 3 1 1  1 ?  .1 11 11 11111 I ’ ll II ’I ’ C 1 ‘I I I , I I I  I I I .

5 5 ~ ‘3~~~ ’ 3 5~ ‘3 ~s~~s~~s~~s ~ ‘3~~’ 3 5~~’3 5 5 5 5
I I I I I I I I

1 6 1 6 5 1 6 0 6 6 5 6 $  C 6 6 ’ 6 5 6 6 6 6 6 6 6 6 ’ 0  5 6 6 6 , 5 6 6 6 6 1 6 6 6 6  ‘ : t  6 6 6 6 I 5 6 6 6 6 6 6 6 0  C o  6 6 6 5 6 6 6 6 6 6 5 0 6 6 6 6 6 6  6 ’ &  6 6 5 6
MCOONNCLL AUTO WATION COM •,~~~~~

- :
1 7 7 7  1 1  1 1 1 7  7 1 1 7 1 : 7 7 1  3~ I I l l  i ’ i IU i  1 1 1 7 7 7 ’ ? ? 7 7 1 , 1 1 7 7  7’? 7 1 7 7 1 1 7 1 7 : 7 7 1 7 7 7 1 7 7  7:1 1 7 7 7 7 7 7 7  7:1 1 7 7 7  ~,

I I I I I F I I 0 —

$ 8 0 0  03 1 1 0 1 8 0 1 1 8 3 1 0 0 1 0 0 8 0  o I l $ 8 0 1 0 8 3 0 8 0 8 0  ‘ t 8 1 8 0 1 8 0 1 0 0  d ’ 8 0 1 0 1 0 0 8 0 0 0 8 0 0 1 1 8 0 0 0 0 0 1 1 0  8 0  8 0 1 0  ~- --I I I I I I I

,li ,,i , ,,,,,~ 9 0 I 800 , 2 ,, 9i , 9 S i095s :9 ~ i i  s , , , , :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
IS

_ _ _ _ _ _  - ,
~~~~~~

, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



2.3.5 Accumulators

2.3.5.1 Piston Type Accumulators

The input data for  a piston type accumulator are the p iston mass ,

C cy linder internal  radius , cylinder wall thickness , cy linder modulus of

e las t ic i ty ,  maximum gas volume (p iston bottomed to oil side) , minimu m gas

volume (p iston bottomed to gas side) , gas precharge pressure (p iston bo t tome d

to oil side), working pr essure , and viscous friction damping. Two data cards

are required.

Viscous f r i c t i o n  damp ing data is not readily available.  I ts  value wi l l

be determined experimental ly ;  in the meantime an es t imated value will be used .

Cylinder

Line

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - - -~~~~~ -.~~~~~~ - 

__ _~~~_~~~ _ _~1__ _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 . 3 .5 . 1  Piston Type Accumulators  — C o n t in u e d

First  Card 
I

I coLuMNs FORMA T DATA D I M E N S I O N S

1—5 15 NTYPE=5 —

6—10 IS KTYPE= l0 —

11—20 FlO.0 Piston Mass LBS SEC 2 / I N

21—30 F10 .0 Internal  Radius IN

31—40 F1O.0 Walt  Thickness IN

4 1—50 FlO .O Modulus of Elas t ic i ty  PSI 
-

51—60 F l O , O  Maximu m Gas Volume IN 3

61— 70 FlO.0  Minimum Gas Volume IN 3

71—80 F10.0 Precharge Pressure PSI

‘ 

5 . O l1 i ’d ~~~~~ .111 11 ‘3F3 F) F) O~1 I~ li . 4~. .O I’.~~~ 15’)’).
1 2 1 4 5 ( 1 4  4 l ~~~ I I  ‘I 4 1 5  S C ?  11 10 20, I. ,..4 11 1 1 1 5 1 . C 9 1 1 1 32 41 44 33 4C 37 31 1940 41 41134445.,G _ I . a ’ I • ) S C ! 2 ’ ! t I ’ S ’ l I ’ S C I I . C SC ( , , l I •

I 2 3 4 5 5, ‘ Il ’I I , I I  I I  - 1  I I  I S  II, I I  1 4 ) 2 0 21 21 2 3  74 25 .C V LI 29 30 41 12 33 4 37 16 17 34 5) 1 4 ,  4 1  I I  I I  4~ 41 4 I  45 . ? , ‘ - ~~ , l •~~~ ; . ‘ 4 ’ ’ ’ b • ’ ’ ~~~~~ J (0

0 0 3 0 0 3 6  J 3 0 6 !! ~ 
00 0 ~‘ 3 00 !~ 

C O O  0 C C  0 1 1 0 0 0  III ;1111013 0 0 0 3 3  •0 0 0~2 00 0 0~3 •C ‘ ~I) 3 3  1I3 0 0 0
I I I I I I I  ‘ 4 F - C ‘7 C L  I 

- 
. ,, s II 17 11 77 11 C I  13 17 11 7 . 7 11 11 I I  13 II  1 31 1. 3 1 1 7  IC SI 13 1 14 II I, II 11 )1 II .2 II 1 , 1 C C  I _ I 14 I I  17 I ,  14 ~~, C, . II I ’  ‘ - S I IS

1 l i l l ) ? l l l I l l l l ? 1 T I l l i l 7 l u I l ? ? h i ? I l ? u ? I h i i i 1 ? l ? ~? I ? 1 7  7 1 7 1 1 7 1 ?  7 7 ?  I i ?  T ’ I I i ?  t I l l ? ?  i i i ?  I I

I ‘ 7 2 2 2 7 7 2 2 2 2 2 7 7 3 7 7 2 2 2 1 2 2 2 7 2 2 2 7 2 2 1 2 2 2  
~ 

2 2 2 2 2 2 2 2  2 2  7 2 2 7 2  7 2 2 2 2 2 2 2 2 7 2 7 1 2 2 2 7 2  2~2 2 2 2 2 2 7 2 7 7

~~~ ~~ ~~ 3 3 3 3 3 3 3 3 3 1 1 3 3 3 3 3 1 3 3 1 3 3 3 3 3 ! ~ 33 33 1 3 3 3 3 3 1 3 3 3 3 3 3 3 3 1 3 33 2 3 3 3 3 3 1 3 3 3 3
4 4 4 4 4 : 4 4 4 1 4 1 4 4 4  4 -~ 4 4 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4  4 C  4 4 4 4 4 4 4 4 1 4 4 1  4 I ~ 4 4 4 4 4 4 4 4 4 3 4 4 4  4~ 1 4 4 4 4 4 1 4 4 4
I I :  I ’ I ! , ’ i  I? I I  I 1 , I I I ‘‘ I 72 I I  _ , C, 71 I I  IC IL C. ,3 13 3’ 7 CC Il ~~I ,  I C  I , .4 1 : 14 I II  I C , , ’ I C  13 I I~~’ ~ ‘ I I, - - I I I  4, -,  I ’  . .  C 7 - 4 C 1 I 14

5 5 5  5 5 5 1 5  5~ 5 0

6 6 6 0  C’S 6 6 0 0 6 6 0 6 6 :60 0 6 6 5 6 6 0 6 0 6 6 0 , 7 0 0 6 6 : 5 6 6 6 6 5 6 5 5  S’S 5 6 6 6 6 6 6  6I - o 6 6 0 6 - 3 6 6 5  
~~~ C 6 6 6 9 6 6 0 0 3 6 5 6 6

MC,~~,IN!’1t,CLL. AUTOMATION COMPANY

: 7 7 7 7 1 : 7 1 7 7 1  7 7 7 1 1 : 1 1 ?  1 1 1 1 ? 1 ’ 7  I I I  1 1 1 1 7  I’I 7 1 7 1 7 1 7 1  1 ’ ?  7 1 7  7 7 1 1 ?  ‘:~ 
7 1 1 1 1 1 1 7  I,~ 7 1 1 7 ? 1 1 1  1 1  1 1 1 7  ~ ,

0 0 8 8 0 : 3 8 0 8 3 - 8 0 8 3 0 1 6 8 8 8 0 0 8 8 6 1 0 8 6 8 8  6 8 0 1 !  0 6 8 8 0 8 8 8 : 9 0 1 6 1 3 6 6 8 8 1 3 6 0 6 3 0 8 8 6 1 8 8  J 8 3 0  8 8 C l  8 8 8
I : I ,

8 8 6 9 9 9 8 9 9  9~9 8 8 9 9 ~I8 9 3 9  3 9 9 9 3 1 9 9 9 9 9 3 9 9 9 6 , 9 9 9 9 2 3 9 9 9 9 1 9 3 8 0 9 , 3 9  9 9 9 ,9 9 9 3 9 ,9 9 9 9 9 ,31 9I9 0 3 9 2 0 3 9 9 9
I F I 5 3 5 I 5 I I I I  I I  I )  S ‘I I I  I I  I ’ l l ’’ ’ I ’ ’ ’ I ‘I ‘C 5 5 II ‘ I I ’ II  . 1 7 II 1 I l ’ ’ . ’ . L I ’  I I  I ’ ’ ’’ - ‘ ‘ ‘ ‘ ‘ ‘ ‘ I I ’ ’ I ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ I ’ I ‘I S I I -

-4
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2 . 3 .5 . 1  Pis ton  Type Accumulator — Continued

Second Card 
I

1—10 FlO.O Working Pressure PSI

11—20 FlO.O Viscous Friction Damping LBS SEC/ IN

V 
~4 I .I , , , l . 3 . 1

2 - 1 5 6  7 I 4 ’J III I I I,l 4 , 5  5 ’  ) 1 i I 3 l 7 C S 7 4 ; C 7 5 , 7 7 ) 4 ?) 1O 5 37 3 I4 )t 35,)1 44 394Q 4I 42 43 4 4 I 5 I I 4 7 I 6 I55O! ’.t3 t-i 5S5C 5? t0~~)(, SI IZ I ! I 4

~~~~ 

2 ’  

0 O B ~ 

; , s  l I ~~~ L~ . 5 7 2  ~~~~~~~ “ ~~~~~~~~~ 

o o  ; o a o 
; , 4 : ’~~ ~ , 5 :  

Ø~~~ Q~~Q Q Q  7 C

I I 1 1 ’ . ’ 5 I C , C I  I , I I 
- 

I C 1 1 2 1 17 I1 C I  - 3 31 15 71 32 - , 1 C C .1 - , , ,  C C  ‘5 II II II 11 41 II 11, 11 47 I I I  C I I  27 IL CI i _ C C4 C I  CI 1 IL L I  I ’ lL ,, 4 1 , 5 3 4  17 11 C . ~~7 II CI ’), 4 7 ’  I I SC

1 ? ? ?  l~ I I I  I I I  I ? ?  1 , 1 1 1 ? ? ?  I I I ?  1 1 ? ? ? ? ? ?  I I  I i ? ? ? ? ? ?  ? 1  I h i ?  H T M l ? ? ?  ? ? ? h ? ? I ? l I  I~ I I ? ?  1 ?  I ? ? ?
‘ I I I I I I I

2 2 2 2 2 2 2 2 7 2 1 ? 7 2 2  2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 7 1 7 2 2 2 2 2 2 2 2  2 ’2 2 2 2 2 2 2 2 2  2 2  2 2 2 2 2 2 2 2 2 ’ l l l  7 2 7 2 2 2 2 - 7 2 2 2 7— I I I 4 I I I

3 13 )  ~l 3 3 3 3 3 ~ 3 3 3 1 3 3 ) 3 3 3 3 3  
~ ~~ ~~ ~~~ ~~~~~~~ ~~~~~~ ~~~~~~ ~

4 4 4 4  4 44 4 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  1 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 i 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 ’ 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4
C j - I 1 1  I 5 I ,~ C I • , I ’  I ‘I , 1 1 1 , 2 1 1  ‘ 4 7 , 7 , 7 3~~~ 1 LI ,, ,. ,,~ C 1 11 47 I I I - I I . I I _ ; I .. I C  I S  II 13 I I  II 7 3 4  , , . I ’ ’ ’ ‘ 1 4  I I  37 31 11 7 : 4 1 4 -  LI II  C - I  2 C I  4 - . 1 ’  5 I Il

6 6 6 6 6 6 6 6 6  6 6 6  C - . 6 6 0 3 6 6 6 6 5 6 0 6 6 ,6 6 5 6 6 5 6 6 6 6 6 6  1 6 6 6 6 6 6 6 6 6 6  G ’G 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 0 6 6 5 6 6
MCD(JPJNCLL A UTt )MAT h~~N COMPAN’ :

: I I I ? ? ? ? ? ?  i i ? 7 h I l l ?  6 4 7 1 1 1 1 ’ I l h l  ; C J  Il l  I I I  1 1 1 1 ’  1 1 : 1 1 1 7 1 7 1 11  7~? 1 1 1 7 7 1 1 7 1 : 1 1 1 1 1 7 1 1 1  1-1  l i i i

$ 8 1 9  1 8 8 6 0 3  0 8 1 8 1 9  á , 4 4 8 8 6 .  8 3 8 8 6 8 8 8 3 9 8 8 0 6 3 0 -  ‘ 0 8  8 8 8 8 8 8 8 8 0 8 8 8 8 0 - 1 6 0 8 8 1 6 0 6 5 8  a i 8 8 8 8 0 8 0
I I , I I I ‘.7-

$ 8 1 8 3 , 9 1 9 9 9 3 3 3 9 3 3 h J 3 9 9 1 7 3 9 3 9 , 1 3 3 3, : 9 3 6 9 , 9 9 3 9 3 h j 9 I 7 3 1 9 9 3 3 5 , 9 9 9 9 ?
, 0 3 J I 1 5 3 3 9 3 1I I 3 9 9 9 9 C 9 9 0 3 9 9 9 9 3 3

I I I I I - S I I I I I  I I I I  I I - 4  r I !  I C , , I I ¶ 1 , 1 1 1 1 1 11 33 II I I  II ‘~~ I I I  1 1 1 1 1 1  I l lS I I - 1 1 ’ ’ l h I . I I I ’  ‘ I ’  1 1 5 . 1 1  ‘ I  I I ‘ Ii

.1
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2.3.6 Branch Elet9ent

- The data input required to describe a branch element is the total

- number of elements in the branch . For instance , in Figure 2—2 element number

18 is a branch with 5 elements in the branch , element number 26 is a b ranch

- - - w i th  2 elements in the branch . The number of elements in a branch is used

as an integer number by the program.



2.3.6 Branch Element — Continued

COLUMN S FORMAT DATA DIMENSIONS

.7 1—5 15 NTYPE=6 —

— 6— 10 IS KTYPE=Number of Branch Elements —

4 ’ , 6 I ~~~ ‘. ‘ - t I I  C t - P . l , )  l I .’ 2 3 ’ 1 7 5 1 5 7 I 2 4 C 3 75 3 1 1 2 3 7 4 ’7 36 71 94 31 10 4I 42 4 1 4 4 1 5 4 6 4 ? I 1 4 9 5 0 5 1 !7 34 14 5 5 5 6 S ’ 3 5 9 1 3 ( , 6 0 11.l

I
_

_
c 0 0 0 0

1

0

4

2
* ;  

‘ * 7 1 , ‘~~~~~~~~ -; 
~~~~~~~ o o o  

‘
o
’

o 
~~~~ 5~~1 2  

~~~~~~~~~~ ~~~~~

3 

~~~o

”

~~~~ 
~~~~~~~~ ;~~~~~ 

;‘
~~~; 

;4o5;
::~

’;Y; ;
~— 5 7 I I I I 4 S ‘I~ I I I I C  ‘ ‘  F 11 72 7, I I , ,  C I  C _I  2’ LI C I  12 - IC C I  I I  ~~ I 1’ II 11 11 II S I I  II 11 , 1 4 1 1  11 11 12 11 71 12 14 11 , C I I I 15 14 34 11 11 41 14 II I 4I 11 1, ,I I S C I  7 73 I C C I  I I I I

- 
J I l l  I I  I I ?  1 1 7 1 1 ? : ? I ? I I 7 1 1 ? ? ? ? ? ?  I ? I I  ? l  I I I ? ? ? ? ?  1 1  l i i i  l i i i ? : ? ? ? ?  h i ? ? ?  I l l 1 ? ? ? ? ? ?  I 1 1  1 ? ?

— , I I I I I I I I
I 2 2 2 2 2 ’ 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2  2 2 2  2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  7 I 7  7 2 2 2 2 2 2 2 7 1 2 2 2 2 2 2 2 7 2  2 2  2 7 2 2 2 2 2 7  2 2  2 2 2 2

I I I I 4 I I
I I I I I I I I

I 3 3 3 3 ! - 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 ) 3 3 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 ) ) 3 I 3 3 2 3 3 3 3 3 3 3 I 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
I I I I F I I

— — I I I I I I I

4 4 4 4 4 4 4 4 4 4  - 7 4 4 4 1  3 4 4 4 4  1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 1 4 4 4 4  Iii 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 7 4 4 4 4 1 4 4 4 4 4

C I I ’ . , C - I 1 1 
‘1 7 . 1 3 ’  4 ’ ’ i  I l l  - CC CI ‘I - C I  C I I  71 2 7: , ‘  I ,  • , _ .  1 ‘I LI IS I C  I ’ ll I 1 ~~I ’ 51 41 11 11 11 1: 21 1S 1I 1 3 1  .1 17 .1 4 7 12 11 I _ I  . 4 5  I L  1 3 1 C ‘‘2 ,4 ‘ ‘ I ’ l l  SI

s o  l~ 5 3 5 5 5 5  1 5 5 5 3 5 5 5 5 5 5 5 5 5 0 5 1 5 5 5 5 5 5 5 0  S’S 5 5 5 0 6 5 5 5 5 5 5 5 1 5 5 5 5 0  S~ 55 5 ’ 
~~~ 5~S 5 9 0 0

1 6 C C  • S  6 6 6 C C  S 5 6 6 6 6 6 6 0 6 0  0 6 6 I 6 6 6 6 6 6 6 6 6  C ’ S 6 5 6  6 6 6 0 6 6 6 6 6 6 0 3 6 6 6  5 7 5 5 0 6 6 5 6 6 6 6 6 6 6 0 6 6 6 6 6 0 6 6 6 0 6
MCL’I,)NPIELL AUTOMATION COMPI4NV

7 7 ? 1 1 7 1 1 1 1 1 7 7 7  
~ 

1 1 6 1 1 1 1 1 7 1 : 1 ? 1 1 1 1 1 1 ?  1 1  1 1 1 1 1 1 1 7  I’7 1 1 1 1 1 7 1 1 1 : 7 1 1  1 1 1 1 2 1  ‘:~ 
1 7 1 1 7 1 1 1  J : 7  1 1 1 1  ~.

C
’ I I I I I I I I

9 6 9 0 0 3 8 3 8 8 3 3 8 8 8 0 8 8 8 6 3 8 0 8 8 1 8 0 8 8 6 9 0 8 8 8 8 0 1 0 6 8 0 3 6  8 13 0 3 8 6 3  0 I 8 0 ’ 8 8 0 0 8 8 0 8 8 8 - 8 8 8  $ 1 3 8 8 6  0 8  8 8 8 8  -

9 9 9 1 9 3 3 9 9 9 1 9 9 9 9 9 9 9 3 1 6 9 9 9 1 9 , 9 9 9 9 9 3 9 9 9 9 1 9 9 9 8 9 1 1 8 9  0~6 9 1 9 9 9 9 9 9 9 1 9 9 9 9 9  9 9 9 9 9 ,3 99 0 9 , 9 9 9 9 9 , 2 9 9 9 9  -

1 1 1 1 1 1  S I l l I I I ’’. ‘ I 1 ’ I 7 ’ ?1 11 C , , ‘‘‘I ’’ I II C’ II 1I I1 I. ’- I I , .7 ,_ I3 ’’ I - ’’~~’’ I ’ ’ ’ ’ I l ’ I ’ I ’ ’ 1 5 ’ I ’ I I I’ ’, , 7I , I I  I

-~~~ -~~~‘ ~~~~~— - -—~~ a— —- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ — — -~~~~~~~~~~~~~ -‘- - — —  — -
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2. 3.7 Dummy Element

Inpu t da ta req uired to rep resen t a dummy element is NTYPE 7. C a p a b i l i t y

for the use of a dummy element is sometimes convenient to minimize element

numbering changes for describing similar circuits. Subtype 1 is used to

designate a pump inlet when modeling the return side of a system.

-
i

2— 34
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2.3.7 Dummy Element — Continued

COLUMN S FORMAT DATA DIMENSIONS

- 
1—5 15 NTYPE=7 —

6— 10 15 Pump inlet KTYPE 1 —

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  All_others_KTYPE=0_ or_blank 
________________

Pump Inlet

r~~r T f l i f l f l T~f l Oflr f l n f l f l Q Df lO  , 0 0 1 0

III M M  1 i~~ l l  I 1 ?  1 ?  I I  I 1 I l l  1 I I 1 1  I I  1 I I  I ‘ I - 1 I I  I l l  I i ‘ I l l  F I j , - 
1 , 1  l i i  - - ‘ 1

:

1 

‘ 2I2 2 72 22:2 2 2 2 2 2 2 2  2 ‘22 22 2 .7 / 2 2 1  -, ‘2 2  
- ;- 2 7 _ I

- 2 7 7 ~1 : 2 2 7 
,

‘ 7 7 - / ‘ I

- . 1 113 1 1 3 3 3 3 3 3 3 1 3 3 3 . ’ 2 3 1 ; 1 1 3 3 3 a 3 3 3 3 ? sl l 3 ? ,, ’ ’ ,; : 1 ~~~~~’ 1 1 3 ~~~: 2 7 1 ’  : , i 7 1 ’ 3 1 3 : ;  I 7 3 !

1 7 1 , 7 1

Wi,

1) ~~~~

6I 0 C r ~ 666 6 6 0 1  2 0 G 6 6 0 S 6 C 1 1 6 C i ~~ 1& r e I ç 5 s I  b 4 6 ’ C  u r ~~r1 ’ 6 ~ ~1 ~~~ L 0 1  h~

i l l  I l j i ’ l  1 1 1 7 1 1 1  7~~ 7 7 7 7 l 1 1 / 7 7 7 7 7 1  / 1 1 1 1 7 1 2 1 7 1  1 , 1 / 6 1  - ‘ / 1 / 7 / 7 ,  7 -
, i 3 7 / 3 7 ?  1 1 1  - 6 1 7 3 / 1 6 -

N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ; .~~~ 2 3 1 C 7 ,

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘ , 1 1 1 Y ,~~h, D  7 , 1

I ~~~1’ ’ I I  I I 7 I I I , I L I I3 ’’ 1 C _ _ h 1 . 1 -; ‘ ‘ , I ’ I ’ I ’ i ‘ ‘ I  I - I - ‘ I ’ ~~~ I l l  ‘

-l

_ _ _ _ _  .--~~ - - - --~ I - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2.3.8 Quincke Tube — Input data for a wide band , helical Quincke tube

7 resonant mode damper are outer (delay) tube length , inner tube ins ide and

outside diame ter , ou ter tube inside and ou tside diame ter , wound element

cross—sectional area, helix pitch , number of holes, hole length , hole

spacing distances , and hole diameters . The maximum number of holes is

7 
16 with the existing program.

- This device is shown schema tically below . The outer spiraled passage

for  the illustra ted model is formed b y winding a solid elemen t around the

-
- straight inner tube , which is then enclosed in ano ther straight outer tube .

Outer F?ow Passage

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,,,,

~~~~~~~~~~~~ ;~i~- j -——~ ~~~~~~

Connecting Ho?e (Typ)
1r r _ r~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Inner Tube
Wound Element Outer Tube

GP 150099 133
Ho?e No.

1 2 3 4 5 6 7 8
I ? I I ? I I I

x8_~
C X 7___ —

x6_~ -_

I I  Ho?e X5~~
-
~~ 

Spacing x4_
x3 _ _

_______________________ — Main Line

Helix Pitch Hole (Typ) G P 7 5 O F O O 1 S

I

- 
---~~~~--~~~~~~ 4 —~~~~~~-~~~~~~~~~~~~~~~~ -- -_- - - ,. - ---- ‘-
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I 2.3.8 Quincke Tube — Continued

Firs t Card -

COLUMNS FORMAT DATA DIMENSION S
-
, 

- 

1—5 ‘IS NTYPE=8 —

6—10 IS KTYPE=O or blank if no holes —

=30 if number of holes is 1—8 .

________ ________ 
=50 if number of holes is 9—16 .

11—20 F 10.0 Length of Outer  Tube IN

2 1—30 Fl0.0 Inner Tube ID IN

31—40 F1O .O Inner Tube OD IN

41—50 FlO.O Outer Tube ID IN

51—60 F1O.0 Outer Tube OD IN

61—70 F l0 .O Wound Element Cross—Sectional  Area IN 2

71—80 FlO .0 Helix P i t ch  IN 2

No ’rE : If there are no holes , onl y the f i r s t  card is requ i red .

~ 
31 1 ~~~~~ .4 :3 ~ .~~~‘I i) .13% 1.0 0 0  .o3’-~- 1 .4 1 ~

r ‘ , 1 4 5 I I I 5 L I I  I I I  7 ) 1 1  ‘i : - ’ LL 21 :4 : 91 : 1  1, ’ 23 14 333 IG 31 7 41 4 0 41 42 * 3 3 4 4 C C  IL 4 1 14 3 3  5 0 5 1  - 5 1  54 )5 1 - 71~~~ 3 ’ Cl L I I I  I

8 0 0 0 0 0 0 0  0i~d 0 0 9  C 1~~0 C  C 1 0 0 0 0 0 1 0 0 0  3 C ~ 0 0 0 5 3 0  ~~~ 
~I~~3~~~

I; 
0 0 ~ ~ 0 O  0 0  IIl2~ 0 0 0 0 ,0 0 0 0 0 1 3 0 0 0 0 0 0 0 0 2

I I 3 I I I  I 5 I 2 I I  I C  7 I - I - 5 1 .7 - ,‘ , 11 11 - . I I  4 C ,  I I  IC C I  I I  ‘ C. I I  ,i 1 11 11 11 II II Il II I. Ii~~~ 11 12 Cl II 11 1 11 II ‘I 1 42 51 17 41 11 11 1 11 1- 45 11 II I C  IC I C  ‘ I - - ,  I ‘ I ‘~ IS

-
~~~ I ? I I I I l ? ? I I ? l ? 7 3 : I I I ? H 1 M I I I ? l ? l I ? ? ? ? : ? I ? ? ? ? 1 1 ? ? u l ? l I ? ? ? 1 I l ? ? ? ? ? ? 1 1 1 1 1 7 ? ? I ? I ? ? ? U l l I I ?

I I I I I I I I

2 2 2 2 2 h 2 2 2 2 2 2 2 2 2 2 1 ? 2 2 2 1 2 2 1 2 2 I 2 1 2 2 2 2 2 2 2 2 I 2 2 2 2 2 7 2 2 2 2 1 2 2 2 7 2 2 2 2 2 ? I 2 2 7 2 2 2 7 2 2 2 1 2 2 2 2 2 , ? 2 7 2 2 1 2 2 2 2 2

3 3 3 3 3 3 3 3 1  3~3 33 1 ~I 3 3 3 3 3 3 3 3 3 1 3 1 3 3 3 2 3 3 3 1 3 3 3 3 3 3 3 3  
~:• 

3 3 3 3 9 3 3 3  31 3 3 3 3 3 3 3  3~II 3 3 3 3 3 3 3 3 1 3 3 3 3
4 4 4 4 4 1 4 4 4 - 1 4 4 4 4 4 1 4 4  4 1 4 4 4 4 4 4 4 4 4 4 4 4 4  41 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4  44 4 4 4 1 4 4 4 4 4 4 1 4 4 4

I C I I _ I  I S I C !  I 1 7  I _ I - - I - F I ‘7 ‘I 1 C. l ’ ’ C ’ S ’ I 111 1 7 ‘7 34 .7 1 II  .7 II I I  I C I I I : ,  I I ’  I ’ 1 I I  II Cl  . 1 2 1 I1 II CI 13 41 .7 ,‘ II I ’ I - i l l  IS I ’ ll  II II • I I I I I II

5 0 0 5  55 5 5 0 5  5 0 5  °:~ 
6 5 5 5 0 5 5 5  5 5 0 5 1 5 5 5 5  

~~~~ 
• 

~~~ ~~~~~~~~~ ~~ 
5 5 5 0 5 5 0  ~~~ S~~C~ 5 0 5 5 5 5 5 5 5

0 6 6 0 6 : 5 0 6 6 5 6 6 6 0  1 6 6 5 0 0  0 6 0 6 .  35 0 6 6 1 6 6 0 6 6 6 !  0.3 CC 1 6 6 5 6 6  6 6 5 5 6 6 5 5 6 6 6 6 6 6 1 5 1 6 6 6 6 6 6  S C  6
~~~~~ ON~ I~~LL A(JT.~~~*4TlON COMPAN - : I I I

7 1 1 1  ‘:‘ 1 1 1 1 1 1 1 1 1 1 7 1  1 6  UI 1 1 ?  ‘:~ I I I ? I I I l I  I I  1 1 1 1 1 1 7 1  2 1  1 1 1 1 1 1 1 1 1 : 1 1 7  1 1 1 1 1 1 1 , 1 1 1 1  1 - 7  I I I  7 7  7 1 1 1

1 8 8 8 ( 8 1 8 8 0  9 I 8 8 I ~~ 8 8  8 9 1 8 8 8  
I I . I : ~~~~~~~~~~~~~~~

1 

9 i 3 i ~~~~i i 3 ~~~~i I 2 9~~~~g ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 9 9 9 9 3~~~~~~) 

~~~-~~~~~~~~~~~~~~~~~~--~~~~~ —_ -— ~ - - --~



2.3.8 Quincke Tube — Continued

Second Card 
I

COLUMNS FORMAT DATA DIMENSIONS

1—10 FlO .O Number of holes —

11—20 FlO.O Length of holes _______________

_____ _____ ________________________________ -

. 0:3~
2 I I I 4 t , ! 1 I ~~~ I , I I  4 I 9 t~~ P I I I I C I .  C C . I . I , , C 1 : U Ct 30 I nz~~3 34 1 C f l 3 I t 443 gI 4 l 4 3 4 I 4 t I~~ 4I 4 J 4 9 SQ 5I 1C tI t. 55 S. tI SS e

~~ t ~~ C C C 1 l 1

8 0 O 0 C 9 ( 0 0 0 9 0 0 0 0 0 ~~3 0  i~~0 0 0 0 1 0 6 5 0  O ’J 9 0 0 0  0 6 C C ~8 0 0  0 9 0 0 0 0 1 9 0 0 0 0 0 0 0  0 0 ~0 O  0 0 0 ,0 0 0 0 0 b 0 0 0 0 0 0 0 0 0 0
I I , 4 - - - F I I I l  I I  I 1. ’ 1 1 1 11 2 11 II  71 11 II 

I~~ 
I’ II Cl 17 I ’ 1 .1 CI _ 1 C ,  ‘1 7 1 1 1 - I C  I L - l i , , ,  ‘ I  11 11 C 7 17 II Cl 1 , 21 Cl  .1 ‘ I  . 4 I  .7 4 - II 41 1 4 3 4 1 II I’ . - - 1 17 I ‘~ I 1 7 S 1 55

1 1 1 1 7 1 ?  J i l l ?  I I ? I I  I ? ?  I I  1 ?  i i  ? i i ? ? ? ? ?  I I  1 1 ?  I~I I ? I I I ?  I ll  I

;

? I ?  I I I  I I I ? ? ? ? ?  I’? I I I ? ? ?  1 1  I ?  I ? I ?

2 2 2 2 7 : 2  7 2 2 2 2 2 2 2 2 2 2 2 ~~2 2 2 2 2 7 2 7 2 2 2 7 7 2 2  
~~ 

2 2 2 2 2 2 1 2 2 : 2 2 2 7 2 2 2 2 2  2 12  2 2 2 2 2 2 2 2 2 : 2 2 2 2 2 2 2 2 2 7 , 2 2 2 2 2

~1 ~~~ ~~~~~~~ ~~ 
3I~ 3 3 3 3 3  3 3 3 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 7 3 3 7 3 3 3 3 3 1 3 7 3 3 3 3 3 3 3 3 ) 3 3 3 3 , 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 1 1 1 4 8  4 4 4 4 4 4  - 8 4 4 4 4 4 4 - 4 8 4 4 4 4 1 4 4 4 4 4 4 4 4 1 4 4 4 1 - 1 4 4  4 4 4 4 4 4  -144 I ,‘ 4 4 4 4 4 1 4 4 4 4 4
I F I I I ,  - S F 1 I C  I I I  C I I  I l l  ‘I 

~ 

‘ 7 , 1 2 , 1 4 1 7 .4  ‘I  I I  C I l l I I  ., ‘ C! ‘I ‘ - .1 1 11 I . 1  15 11 ~1~ I I  12 13 _I l - ‘I _ I I I , . 4 , 3 1  C II 1 1 . 4 ,  11 :1 ’, I -I I ‘I ll

5 5 6 6 6 5 5 6 6 6  5 C 5  5 6 6 6 1 0 5 0 6 6 6 6 6 6 0 7 6 6 6 0 5 6 6 6 0 0 6 6 6 5 1 6 6 1 6 9 6 6 6 6 6 6 6 6 6 6 7 5 5 5 3 6 6 5 6 0 6 6 1 6 0 5  6 5  -
MCOQNNCLL AU7QMAr,ON COPC(~~ANV : I

1 1 1 1 1 : 1 7 7 7 1 7 1 1 1 1 : 7 7 7 ;  7 1 1 1 1  1 3  I~~~ l ’ h l~ 6 ’ ’ 1 I 1 1 1 1 1  7 7 : 7 1 1 7 1 1 7 1 1  
~ 

1 1 1 1 1 1 1 1  1 1  1 1 7  1 1 1 1 1 1 1 1 1 3  1 
~~~

,, 
~~

— — I I I I I I I I ‘‘~~ —l e 8 ! I J 8 8 9  I’S 8 8 8 8 1 8 8 0 0 8 8 0 8  I’S 9 8 0 8  8 0 8 8 1 1 1 1 $  $ 1 1 1 0 8  1 1 1 8 - 1 8 8 0  8 8  9 8 1 8 5 0 6 8 8 ’ 1 0 3 8 8 0 8 0 8 5 0  8 9 0
.4 I 1 , I I I I •

9 9 9 9  1I~ 
9 0 1  I 9 9 9 1 8 , 9 9 9 9 9 9 9  9 1  

~~~ 
9 1 9 9 3 9 8 9 9 18 9 9 8 8 9 9 1 9 9 I 9 9 9 9 9 9 1 9 9 9 9 9 1 9 9 , 1 9 1 0 9 3 9 9 9 9 3 9 9 9 9 3 9 9 3 9  —

. 4 I 5 , i I ~~~~~ 5 5  ,C 1 l5 I II I I I C ’ C 1 I C ? I ’ , ’C C I ’’ 1 2 1 , 1 , I ’ I I F I I I. I I I I I I I  I ’ I l , I , ’ I ’  11 11 ~~~~~~ I l I ’ l l 1 I 1 1I F ’ ~~~ I I ’ l I l

2—38

-- 
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2 .3 .8  Quincke Tube — Continued

Third Card

r I 
________ ________ _______________________________________________ ________________

COLUMN S FORMAT DATA DIMENSIONS

1—10 FlO .O Distance to f i r s t hole INCHES

11—20 F1O .O Distance to second hole INCHES

21—30 F 1O.O Distance to th i rd  hole INCHES

31—40 F 1O .O Distance to fou r th  hole INCHES

41— 50 F l O . O  Distance to f i f t h  hole INCHES

51—60 F lO.O Distance to s ix th  hole INCHES

61—70 F 1O.O Distance to seventh hole INCHES

71—80 F 1O.O Distance to ei ghth hole INCHE S

‘3• 5 ~ 5 4~ 935 ~~ 345 I~~~5 I ~~5~~~ 9 .1~~3 1O.5 ~ 5 ~
- - S I - - ? 4 ~~~ i , I i - ? I  4 I ) I C I ,  1 1 9 1 1 21  , I - 4 2 , , C � 7 24 ’,1 ,- ’2;:3, ,5 33 ,7 .3 I43 4, I2a ’4 .454C. -I , 49 t:SI CI’,1 14 5 5 2 l 7 C . 4 55 I , I L - I , 3 1 1 . I

0 0 0 0 3 3 0 1 3  

I I~ 

;~~~

b

o

1

~~~
1; 

~~~~~~~~ 

a o ’ o ; ~

‘ 

~‘ ~~1

;

7~~2 7~~
7;2; 

19 1 72 31 ~;33 ~~~~~~~~ 59 40 4~~~~~ 4~ 43 4, 3 3 4 i , 4~~~~ ; ~ I •~~~~~

I I  1 1 l 1 1 ‘ ‘ I I  1, 7  1 1 1 . 5 1 1  7 ~C C C C l  CI - , 3 7 1 - 7 7 2 , 1 2 1 1. C ’  LI Cl 17 II 1’ II I I  I II I I  71 II II 1 17 CI II ‘ I I C I  IS C l  I~ I I  1’ .C II Il I I~ 
1 I I  IS It I IF 13 ‘ I C -  , I I

I I I I I  I I I I  I I I  l u l l  I I I I  i l l  I I  I I I I ? ? ? ?  I I I ?  1 I I I ? ? ? ? ?  I I  1 1 1 1 1 1 1 ? ?  1’? I J 1 1 I M I  III 1 1 1 1

- 
‘ 

I 2 2 2 7 2 , 2 2 2 2 2 2 7 7 1 1 1 2 7 2 2 7 2 2  
~ 

2 1 2 2 1 7 2 7 2  2 ;i 2 7 7 7 7 7 2 7 2 1 1 2 2 2 2 2 7 7 7 2 2 1 2 2 2 1 7 2 2 7 : 2 2 7 2 2 7 2 2 2  2 1  2 2 2 2

3 3 3 3 3
,
1 333 3

C
3 3 3 3 3 1 3 3 3 3 3 3 3 3 1 1 3 3 3  2~3 3 3 3 3 1 3 1 3 3 3 3 3 3 3 : 1 1 3 3 3 3 3 3 3  ~I 3:1

4 4 4 4 4 4 4 4  1 4 4 4 4 4 , 4 4 4 4 4 4 4 4 4  1 4 8 1 4 2 1 4 1 4 1 4 4 4 4 4 1 4 4 4 4 1 4 4 1 4 4 4 1 1 4  4 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ?  4 ,~ ~4 44
C I I S I I S I  - 1 I I I I I ’  I F ’ .~~~C 7 7 7 2 I  , I F  - l C , C l : . C 5 I F I C I I I C I I II I : I _ I I I S I I I C I :I _ I l 1 I II 1I CS ., 4, : I C I I II I I I I C I I . C C ‘I , l I I I

5 5 5 5 0 5 5  15 1 5 5 5 0 0 5  s l s o s  ~s s~. Is 5 3  o~ 5 5 1 5 5 5 5 0  5:5 i S i s  5 5 5 5 5 5  u s - o s 55 0~5 s o l o s  o s o o s i s i
0 6 6 6  6 5 6 5 3 5 £ 6 - 5  3 C C - C  5 6 5 6 7 6 6 6  6 6 3  5.5 6 0 6 5 5 6 6 6  IC  6 5 6 0 6 0 0 5 6 6 6 5 0 6 6 5 6 $  6 s 6 1 & s  5 5 6 5  0~ 6 5 5 5

,F~~ OONNCLL AUTO,’s - ,TION CO~.,FPANv 1 1 I I 7
1 1 1 7  7 7  1 1 1 1 1 1 7 1  l

~
l 1 1 1 1 1 1 1 1 1 : 7 1 1 7 1 1 ?  ‘‘‘ 1 ’ 1 1 1 I 1 I 1 7  7 1 7 7 l 1 7 1 7 1 1  1, 1 1 1 1 1 7  1 1  I 1 1 7 1 1 1 1 1  

~~~ 
1 1 1 1 :7:

8 8 !  8 5 I 7 8 1 2 8 C  2 8  !~~3 9  0 0 - 9 8 3 8 3 1 8 8 8 8 J 8 8 0 0 ’I i o  8 8 8 3 8 0 8 1 1 8 8 3  4 o 8 8 5 I 0 e l ~ 6 1 8 8 1 1 8 8 0 8 9 8 8 8 8 1 8 8 1 8
7 2 9 9 8  9 9 9 f l

I
3 9 g ~~~~~

9
! 5 g 9 9 9

I
q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2.3.8 Quincke. Tube — Continue d

Fourth Card -

COLUMNS FORMAT DATA DIMENSIONS

1—10 Fl0 ,.0 Diameter of f i r s t  hole INCHES

11—20 FlO.O Diameter of second hole INCHES

21—30 FlO.0 Diameter of third hole INCHES

31—40 FlO.O DianEter of f ou r th  hole INCHES

41—50 F 1O.O Diameter of f i f t h  hole INCHES

51—60 F 1O.O Diameter of sixth hole INCHES

61—70 FlO .O Diameter of seventh hole INCHE S

71—80 F 1O.O Diameter of ei ghth hole INCHES

NOTE: If req uired , the fourth card is distances for holes 9—16 , wi th the same
format as the third card . If number of holes is 1—8, the fo ur th card is
diameters of holes 1—8, as shown .

V . 0 I~~5 ~~~~ . 02 1 . 025 . 02’5 . i125 . 025 “

V I 2 3 I ~. ‘ ‘-I ~~~~~~~ I ’ ? 111 ‘~ . ‘. I . - - 71 .4  2 1 111 ’ Cl  34 75 1( 37 41140 4- 42 4 14415111- I_ I C  1 : 5 l  5: 53 S-I CI ’ 4 1 5 4 C . 1  31 42 (33 4 1

0
’
8~ 0 0 . 9  ~ ~ ~

; ; 0 0  ~~~ ~~~~

‘‘

~~

‘

~ 

o :  ~ 
~ ) . ‘I I ~~~~~~~5 10 1 1’  31 10 11 IL I i  54 3)  • 5 4  ,~~~~5 4 3  •i I ; 4?  •lI 4 I ~~~~ ~~~~50 ~~

I I I I C I . I F C II  ‘I I - I 
- 

- 
I I C C  1 77 12 11 It ,;. C I  . 7  1 II ‘I 21 11 74 2 , I 1 2 1  I I I  I C  1 ’ 11 1 1 1 7 , 1 1  I I  11 11 31 11 12 .1 1. ‘~~l ’ ~ 

I I  15 11 11 I I  47 42 14 11 ,144 1 11 11 75 I I  71 II 1 ‘1, 4 I 4 ‘I II

1 1 7 1 7 1 1 1 ?  1 1 1 1 1 1 1 - I l l ? ?  I HI  I I  I ? ?  I ?  I ?  I I ’ ?  I I I ? ? ? ? ?  I I ? ? ? ? ? ?  I I  I I I ? ? ? ? ?  I ’ ?  1 1 1 1 1 1 1 1  I I  1 1 1 1I , I I I I I I
I I I I I I I I

4 
I 2 2 2 Z 2 2 2 1 2 2 2 2 2  2 ’ 2 2 1 2 2 2 2 2 1 1 2 2 1 2 2  2 2 2 2 2 2 2 1 2 1 2 2 2 2 2 : 2 2 1 2 1 1 2 2 2 2 : 2 2 1 1 2 1 2 2 2 2 : 2  2 1 2  2 , 2 2 2 2  2 2 2 1 2 2

3 ,1 ~~~~~~ ~~~~~~ ~:1 
3~3 3 3 3 3 ,• J 3 3  3~1 ~~ 3;I ~~~~~~ 3 11 3 3 3 3 3 3 3 3  !I ~~~~ 3 3 3  ~

I
I 3 3 3 3

41 44 44 4 4 4 4 1 4 4 4 4 1 4 4 4 4 4 1 4 1 4 4 1 1 4 4 4  1 - ?  1 1 4  ‘ 4 4 4 1 1 1 4 4 4 4
1

8 4 4 4  4~4 4 4 4 4 1 1 4 4 4 4 4 4 4 4 4
1
4 4 4 4

I I I I I l l  C I I - C ’  ,~~~‘4 , I I 3 7 7 ,  1 7 1 . 1 4 , ’ CI - ,~, . - 1 ,. i3 1 C l C ’ II I ’ 11 11 11 1 . 7 1 . I I I I , 1 1 3 7 1 7 14 I ’I I C I S  11 42 1 1 1 ~ 41 41 , 4 , 1 .I II C) C ‘ C I I ‘ I 
I I I ‘ I ‘I S!

S O S  5 5 5 5 5 1  5~5 0 5 5  55 0 6 ( 5 5 5 5 5  0 5 5 5 ( 1 3  5 5 9 5 1 3 5  6 5 3 5 : 5 5 1  (s~s 5 5 5 5 1  5 5 ( 5 5 5 5 1 5 5 6 5 1  0~5 5 5 1 5~ 5 5 ( 5

1 5 5 5 6  C 6 6 0 6 6 6 6 6 5 - 0 5 5 5 5 6 6 6 6 6 1 6 5 6 5 5 6 6  6 6 - 6 0 6 6 6 ,  5 6 6 7 6 5 6 6 0  6 6 G ’ 6 6 5 5 5 6 6 6 6  5 6 6 6 5  6 1 5 6 6 5 6 ’ 6 6 S 5 6
MCL ONNELL. ALJ r c) AFATION CC)M1’ - : :

1 7 1 1  7 1  7 1 1 1 1 1 7 1 1 : 7 1 1 1 7 1 1 7 1 1 : 1 1 1 1  flI 1 1 1 1 1 1 1 1 1  I I  l 7 1 1 1 1 1 ?  7 1 7 1 7 1  7 I J  1 7 7 1 7 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 7 1  ~~ -
-

8 5 8 $  0 0 1 3 3 8  $ 0 8 1 8 1 88  1 1 8 8 8 8 0 1 8 1 8 8 b 9 8 8 8 8 ( 8 8 9 8  8 $  $ (~ 8 0 0 0 0 8  ( 1 0 1 8 8 8 8 $  ~I8 88 0 8 8 8 1 8 1 0 8 1 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
81

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
44

-~~ -~~ -~~~~
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2.3.8 Quincke Tube — Cont ’d

F i f t h  Card

If the number of holes is 1—8, this card is omitted .

If the number of holes is 9—16 4 this card con tains the diame ter

of holes 1—8 as shown above.

Sixth Card

If the number of holes is 1—8 , this card is omitted .

If the number of holes is 9—16 , this card contains the diameter

of holes 9— 16.

.

2—41

F - ‘  
- -— - - __________
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2 . 3 . 9  Pumps (Rotat ing  Ax ial Pistons,  Pressure Compensated)

- The hydraulic pump , i.e. the acoustic noise source , is always trea ted

as the f i r s t elemen t in the circuit , and is identified as a NTYPE 11 911 element .

However , the program is capable of handling different pump subtypes. The user

mus t selec t the pum p model to be used , and input da ta accord ingly, as descr ibed

below. Two basic pum p models are presently available , a complete model and an

emp irical model.

The complete pum p model (PUMP subroutine)  is based on actual  physical

dimensional data of the pump . The empirical pump model is based on experience

gained while using the comp lete model , and may be used to save cost or u n t i l

hardware data is available on a new pump . It may also be used to model other

types of noise sources whose charac te r i s t i c s  are known . Physical  data for  a given

pump is read into the element da ta  l ist  in the same manner as fo r  the other

system elements.  Required input data for  the comp lete and emp irical  pump models

are described in the fo l lowing paragraphs and f i g u r e s .

The complete pump model has three subtypes available fo r  use.  KTYPE 21

is used when analyzing the pressure side of the system , i . e .  no re turn  side

model .  KTYPE 22 is used for  pressure side analysis , but also provides a l imited

pump inlet analysis s u f f i c i e n t  for  s tudy ing  pump hanger torque  charac te r i s t i c s

- - w i t h o u t  the need for  a r e tu rn  system model . KTYPE 23 is used when anal yzing

b oth  the pressure  and re tu rn  sides of the system .

Data fo r  the pump is the same for all  three  pump sub types .  However ,

the  system data  must  conta in  only the pressure  side elements for  KTYPE 21

and 2 2 .

2 . 3 . 9 . 1  Comp le te  Pump Model — Input da ta  for  the  complete pump model r equ ires

th ree  d a t a  cards in the  sequence  descr ibed  below. Phys ica l  da ta  are input  fo r

s i x t e e n  v a r i a b l e s  in the  TTM P s u b r o u t i n e . Required  input  da ta  are descr ibed

in the  f o l l o w i n g  tables  a n d / o r  d i a g r a m s .
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2 . 3 . 9 . 1  Comp lete Pump Model — Cont ’d

COLUMN S FORMAT DATA DIMENSIONS

1—1 15 N T Y P E = 9  —

________ 

15 KTYPE 21 Pressure Acous t ics  —

-________ ________ 

KTYPE 22 Pressure Acous t ics ,

Hanger Torque

KTYPE = 23 Pressure and re tu rn  -

acoustics , hanger

_________ 

torque

11—20 F 1O.O Ri = Cy linder slot rad ius  INCHES

21—30 F 1O.O SLOTW = Cy linder slot width  IN CHES

31-40 F l O . O  RV = Cylinder and valve p late INCHES

slot centerl ine radius

4 1—50 F 1O.O RBORC = Cy linder centerline radius  INCHES

51—60 P 10.0 DIAPIS = Piston d iamete r  IN CH E S

6 1—70 F l O . O  POVOL = Oil volume between p iston IN 3

at mid—st roke  and por t  f ace

7 1—80 F 1O.O R2 = Valve p la te  pressure slot r a d in  JNC11i - ~

‘
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2 . 3 . 9 . 1  Complete Pump Model — Cont ’d 
I

Second Card

COLUMN FORMAT DATA DIMENSIONS

1—10 F 10.O R4 = Valve p late suction slot rad ius  INCHES

11—20 F 1O.0 SWASH = Maximum swash angle DEGREES

21—30 F l O .0  TLEAK = rump internal  leakage at CIS

input  stead y s ta te

pressure

3 1—40 F 1O,O ANGCR 1
= Swash p late f ixed cro1~s DEGREES

________ _______ ~~nco1p (g o 0 t -n v~ riah1o _______________

swash angie p lane)

41—50 F 10.0 THPRS = Valve p la te  pressure  slot DEGREES

start angle

5 1—60 F l O . O  THPRE = Valve p late pressure  slot DEGREES

end angle

6 1—70 F l O . O  THSUCS = Valve p late suction slot DEGREES

s ta r t  angle

71—80 F iO .O  THSUCE = Valve p late suct ion  slot DEGREES

end ang le

‘ 
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2 . 3 . 9 . 1  Comp lete Pump Model — Cont ’d
Third Card 

_________________

COLUMNS FORMAT DATA DIMENSI ONS

1—10 FlO.O LPRESS = Pump suction port (inlet) PSI

steady state pressure

11—20 FlO.0 HOFF = Swash plate centerline offset INCHES

21—30 FiO.O DISM4 = Max imum Swash Plate Actuator INCHES

disp lacement

31—40 Fl0.0 ACTLEVO = Swash plate actuator lever INCHES

_________ ________ ~~rnL ~~t 2Pm an g i P

41—50 FlO.O PIMASS = Pump ing piston mass LB—SEC 2/ INC H

51—60 FIO.O CPRESS Steady state case pressure PSI

61—70 FlO.O CSPRESS = Case to inlet pressure differ— PSI

ence at zero case drain flow

71-~ i) FlO.O DIACT = Diameter of swash plate INCHES

a c t u a t o r
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2.3.9.2 Empirical Pump Model (KTYPE = 0)

Observations of the complete pump model show that the pump flow and shunt

impedance can be approximated using values of the variables calculated by the

complete model. Both the flow and the shunt impedance are kept in complex form to

ma intain the phase relation between these variables and pump rotation , as predict ed

by the complete model.

Pump Flow (QO)

An oscilla tory flow output , QO , of the F F constant current ” source , is assumed

to exist within the pump , and is represented by a complex number . The fundamental

component of the pump dynamic flow output at 2500 rpm is quoted in cubic inches per

second , rms. The program assumes the oscillatory flow to be proportional to pump

sp eed , and calculates the input flow applicable to each rpm from the flow at 2500

rpm .

If the flow values could be obtained experimentally , the imag inary par t of the

complex f low could be zero s and the complex flows and pressures obtained for

points elsewhere in the system would be phase referenced to this flow. How-

ever , if the f low f ig ures are ob ta ined from a pr ior progr am run in which the comp lete

pump pr ogr am was used , both real and imaginary parts will result as this flow ,

and all quantities calculated by the program will be phas e referen ced to valve

port opening .

Pump Shun t Impedance (ZO )

An impedance , ZO is assumed to shunt the “cons tan t curren t” flow source

a t 2500 rpm , and is represen ted by a comp lex number (psi rins/cis tins). The program

curren t ly assumes that the impedance input is proportional to the pump rpm , the

fluid vfscosity, and the fluid mass density. The shunt impedance for each pump

rpm is calcaula ted from the shunt impedance at 2500 rpm . This relationshi p is

C 

derived emp irically .



Pum p Pressure (P0)

The pump output pressure , P0, is represented by a complex number (psi r m s ) .

This input provision is intended to be used when test results from the circuit

under Investigation are available. Changes must be made to the program , however ,

to allow this input to be u3ed .

L

- - - ~~~-—~~
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2.3.9.2 Empir ical Pump Model — Cont ’d

COLUMNS FORMAT DATA DIMENSIONS

1—5 IS NTYPE= 9 —

6—10 15 KTYPE = 0 —

- 11—20 E1O.3 
— 

Pump Flow (QO) — real input CIS RMS

21—30 ElO.3 Puma Flow (QO) — imaginary part CIS RNS

C 31—40 E1O.3 Pump Shunt Impedance (ZO) — real part ~~~

41—50 ElO.3 Pump Shunt Impedance (ZO) — imaginary

________ ________ par t 
_________________

51—60 ElO.3 Pump Pressure (P0) — real part PSI RNS

61—70 F5.O Pump Pressure (P0) — imaginary part PSI RMS
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2.4 Output Requirements

Input da ta cards are req uired in order to specif y the des ired progr am

output results, which may consist of five categories : flow plots , pressure

p lots, impedance plots , ac oustic energy densi ty plo ts , and acoustic intensity

plo ts , vs. pump speed (rpm). At least one card is required in each category

to specify the total number of plots desired ; and each location (element number)

in the circuit for which a plot is to be generated . If no plots are desired

in a category, a blank card must be included , in the prop er order , for that

category. All cards in this output group must be in the order specified below .

Each plot card contains a series of integer numbers. The first gives the total

number of plots required in that category . The remaining numbers given the identi-

fications of the circuit element numbers for which plots are to be produced. For

ins tance , a flow plot specified for circuit element number 6 (line) in the system

described in Section 2.1, produces a flow plot at the junction of elements 6 and 5;

i.e. the input flow (upstream end) to the specified element (6). All input data

numbers occupy five columns so that the eighty columns of a data card can contain

sixteen numbers , the number of plots plus fifteen element numbers. When the card is

• read , the program reads the total number of plots required in that category and then

looks for that number of element identifications. If the number is greater than IS

3 the program starts to read the next card . For examp le , in the pressure plot card s

shown as an examp le , since the total number of pressure p lo ts called for is 17 , the

program reads the first card and then completes its list of elements by reading t h e

numbers it find s in the first two f ive—column fields on the second card . Examp le

pressure cards are shown for the illustrated F—1 5 PC—i system input data.
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2.4 Output Requirements — Cont ’d

First Card

COLUMN FORMAT DATA DIMENSION S

1—5 15 Number of plots for one category —

6— 10 15 Element number for  f i r s t  plot —

11—15 15

16—20 15

21—25 15

26—30 15

31—35 15

36—40 15

41-4 5 15

46— 50 IS

51—55 15

56—60 15

61—65 15

66—70 15

7l—7~ 15

76—80 15 Element number for fifteenth plot —

Pressure  P l o t s  — F i r s t  Card (T yp i c a l )
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: 4 ,  4 4 1 1 1  € 7 1 1  ‘ 7 ~~~ I L O S I Z C , 7  4 . S , € 2 7 , S I I I Q I ,: , ) II CS IS I I U 1 I I 4 4 . 4 1 4 , 4 ,  11, 1 1 4 1 1 2  SI I.2 I 54 t ’ , I 2 4 21 

8 3 3  I 0 0 0 0 3 0 0 0 4 0 0 0 C 6 9 B 6 3 1 O 0 0 0 0 ~~C o o c o o o o o o o o i l o o o o I o o o e o t o o o o o ~o o 0 o c b o o o o n o  C O O
- - ‘ - I I 4 . 4  - S F - I I I I I I I  ‘ I C I I I - I I  I I  II I ’  - _ 4 I C l~ Il  II I. . - . 3 7 11 41 I - 2 1 1 . 1 .1 1 . 7 -  .7 F ~~~L C I1 4 1 I 1 I I 144 7 ~ IF I ’ ’  II  ~I I i .I I I F II

I I,  
~~

I’
~~

?
~~

? II I 1 I I ~I I I I 1 !  I I I  I I I I I  I I I I I ? ? ? ?  I I I 1  I I I I I I I I I;I 1 1 1 1 1 1 1  I i I I I U  I I I  I ~ l , l I I II

7 h 2 7
~ 

7 2 ; ~~~~? 2 u I 2 2 2 2 2 7 2 2 2  2 2 2 2 2 7 2 2 2 2 2 ?  7 2 2 7  7 2 2 2 2 2 2 7 7 7 7 2 2 2 2 2 2 7 2 2 2 7 2 7  2 2 1 ? 7 2 2 2 2 7 2 2 7 ~~ 2

~~ ~~~~ ~~ I~ ~~ ~~~~~~~~ 3~3 ~~~~~~~~ ~1 3333 1 3333 3
I
3 

~~I

3

4 4 1 4 4 8 4 4 4 1 4 4 4 4 4 . 4 4 4 4 4 4 4 4 4  1,~ 1 4 4 4 1 1 4 4 4 4
1

3 4 4 4 4 4 4 4 4 4
1

4 4 4 4 4 4 4 4 4  4;4 4 4 4 4 1 4 4 4 4 4 • 4 4 4 4  4~ 4 44 l ~ 4 4 4
- I I 

~~I - 
I 4 1 I I 1I ~~ C I  II CC C. C~~ ’ 7 l ~~’ ’ ’ 1 l II - 12 F I . I I  4 2  11 41 1 : 12 11 I I  S - 11 CI II C I~ ’ ~‘ J , C 4 1 11 ,1 I II  I 11 13 

, 
1 Ii I - I I S ,

~~~~~~~~~~ 
o s sis s 3 5 5 S O 5 5 5 5 5 S 5 i 5 5 5 5 5 3 5 ~~5 5 5 5 5 5 S S S 0 5  ~~~~~~~~ 

~~~
6 8 6  C C S  ( ( ‘6 66666 6 6 6 6 6 6 6 6 6 6 6 6 5 5 6 6 6 1 5 6 6 6 6 6 5 6 6 5 1 5 6 5 6 6 6 6 6 6 6 1 6 6 5 6 6 6 6 6 6 6  Z 6 6 6  C I ~ 6 6 6 6 1 6 6 6 6 6

MCCJQNP~IJELL AUTOMATII3N CC’MP.4,NY I I :
M 1~~I I 7 1 1  7 1 7 1 1 1 : 1 7 1 7 7 1 1  3 7 1 1 1 1 1 1  1 1 1 1 1 1 1 7 1 1  III 1 7 1  1 7 1 7 1 1 1 1  ‘1’  1 7 1 1 1 1 7 1  III 1 1 1 7 1 1 7 1  :~ 

1 ) 1 1  ~
8 8 8 9 0  0 8 8 l 8 - 8 0 0 3 0 8 3 8 8 8 - 3 8 8 1 0 9 6 6 0 8 3 8 8 9 8 8 8 9 8 8 1 3 0 0 1 1 8  8 8 0 8 0 0 8 8 1 8 9 0 8 8  0 8 1 0 1 8 8 8 1 8 1 1 9 0 0 1 8 0 0

9HI 8 9 0 8 9 9 9 0  8 9  999 1 9 i 9 3 9 9 8 9 9 9 9 3 9 9 8 ’9 8 9 9 9 9 9 9 8 9 9 9 9 9 9  ~I I I  1 7 1 7 1 ’  I l ’ ~~~ I I l . ’ I II ~~~~~ ’ 4 I ‘ ‘ ‘ ‘I ’I ’ I ’ I 1174 ’S 31 51 1. 11 7. 77 I . . ’ ,~~ I F I ’ i 11 11 11 , I I I

___ ____ 

2-53
_~ ,~~~

__
~~~

_ ,,,
~~~

,
~~~

_ ____



2.4 Output Requirements — Cont ’d

Second Card

COLIJMNI FORMAT DATA DIMENSIONS

1—5 IS Element number for sixteenth pressure plot

6—10 15 Element number for seventeenth pressure plot C

Pressure Plots — Second Card (Typical)

l b  Ii ’
I 2 1 4 1 C 7 S S C I a  1 1 12 1 4 1 3  I C  I t  I l lS  2 3 2 1 2? . 1 . 4 2 3 2 4 ?t 25 .9 95 71 32 14 41 2S )4. 17 74 2 3 4 0  II 42 1 1 4 4  1 5 1  I I  ‘S 4) 70 I I  7, 23 1.4 45 14 27 4 24 I C? ~~3 1.4

O 3 0 :00 0 ~~~~~~~~~ ~~~~~~~ C~ ~~~~~ ~~~~ ~~~~~~~ 0 0 0  C~ 0 O H O O 0 0 0  0 0 0 0 0 0 0 0 0 0
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2.4.1 Pre—defined Output

Any of the normal five plot ca tegories may be used to plot  other  var iables

computed within the program . This is useful for studying the behavior of certain : 1
variables as a function of pump speed . Normal output titles are retained when H
making special plots.

Eight variables associated wi th  pum p performance are cu r ren t ly p r e — d e f i n e d

in the pump subroutine. Any or all of these variables will be plotted if they

are selected in the normal manner as described in 2 . 4  above . These var iables

have been assigned in the last four positions of the flow (Q) and pressure (P)

arrays. The position and description of the pre—defined variables are as

follows.

Assigned
Name and Location Description Units

Q(37) Swash p la te angle DEGREES

Q(38) Pre—compressed piston pressure
minus stead y state out le t pressur e PSI
(absolu te value)

Q(39) Piston Pressure at start of decom— PSI
pression

Q(4O) Piston cavitation at end of decom— 1043*1000
pression

P(37) Decompressed piston pressure minus PSI
stead y state ~alet pressure (absolute
valve)

P(38) Piston cavitation at start of pre— 1N
3*i000

compression

P(39) Piston pressure at start of pre— PSI
compress ion

P(4 0)  Swash p la te  to rque  due to p is ton  TN—LBS
pressure and piston accelera t ion f orces

The above plot(s), if selected for output , will  p lot regardle ss of the numb er ( C f

circuit elements in the model.
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2.5 Program Deck and Input Data Job Set—Up

The program deck and input data cards are assembled as shown in Figure 2—6 .

All Input data cards must be In the order shown. Circuit element data cards

must be sequential starting with element number 1 and ending with the last ,

highest number terminated element. Job control card content and arrangement

varies depending on the particular computer facility available to the user .
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__Pum p Speed Range Harmonic 

~Iement in Circuit (Termination )

Tit~ 

of Elements , Flu id , Temperature , and Pressure

HSFR Program Deck
with Subroutines and Job Control Cards

GP74 -0771 -3

FIGURE 2-6
I HSFR PROGRAM DECK AND INPUT DATA JOB SETUP
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3.0 PROGRAM OUTPUT

3.1 Computer Output

Figure 3—1 shows examp le outputs printed by the program prior to the output

plots for the illustrated F—IS PC—i system .

The program automatically prefaces the output with the program name , date of

run , run t i t l e , pump speed r C u I g e  and increment , harmonic , and a list of the fluid

p r o p e r t i e s  c a l c u l a t e d  by the  program for  the specif ied f lu id , t empera tu re  and pres—

s u r e .  Th en , a list of all the elements used in the run , together with their input 4

da ta , is printed . The p rogram then p r i n t s  the total number of flow , pressure ,

impedance , acous t i c  energy d e n s i t y ,  and acoust ic  energy in tens i ty  p lots  desi red

and , in each case , the specified circuit element numbers for which p lots are

desired .

In the  absence of special instructions , the output print plots are printed

next. Extra WRITE statements may be incorporated for printing out any desired

parameter contained in the program . Extra WRITE statements are useful t1~ in v e s t  i-

ga te  the behavior of certain variables.

3 . 2  Ou tpu t  P l o t s

The normal computed progrClm output consists of plots of flow , pressure ,

impedance , and acoustic ener~~v density and intensity versus pump rpm , for  the

se lected j u n c t i o n s  in the  system being analyzed . The manner in which the user

specifies the p l o t s  r equ i r ed  is descr ibed  in Section 2.4. The functional sub—

r o u t i n e  GRAPH2 used to  p r o d u c e  the plots is described in Volume IV . and the

re strictions placed 1w GRAPH2 in t h e  specified pump speeds are given in Section 2.2.

3 . 3  I n t e rp r e t a t i o n  of  (~~~~pn t er OI I t,,fl,ut  P l o t s

A typical computer print—p lot output shown in Figure 3—2 is a p lo t  of the

fir st harmonic (fundamental ) frequency amp litude of the oscillator y pressure , versus

pump speed (rpm), for element number 7 in the illustrated F—15 PC—i system . The

II
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HYORALI iI IC S Y S T E M  FREQ UE NCY RESPO NSE PRO G RAMI 5 / 0 2 / 1 4 .

P15 PC— I  P RO D U C T I O N  S Y S T E M I N O W ) ,  PUMP TO u S  FREQUE NCY RESPONSE

RESPONSE IS  C A L C U L A T E D  FROM 50.00 tO 5000.00 R.P.M. IN INCREMEN TS OF 50.00 R .P .M.

R E S P C N S E IS  P L C T T E D  FOP THE — F I R S T —  HARMONIC FREQUENCY

FLU ID DATA FOR M I L — H — S t C 6 B  A l  3000.0 P510 6140 130.0 DEC F

‘~I S C D S ! T Y  — .188 t—01 114 * 6 2 / S E C
0E 1 4 5 1 1 3  — . 8 1 3 F — 0 4  i L R_ S E C * * 2 1 / I N* *4
BUL K P.COULU S — .223 E . 06 PSI

L EMENT 0*.  * S*~~S* * 0 * 0 * 0* 4 *  00* e* * * * * * * * *** *~~** 0 0 0 0 0 0 0 0 0 0 0 S Y S TIM ELEM EN T I NPUT DAT A00 0* 00000000  0 0 4 0 0 0 0 0 0 0 . . 0 0 0 0 5 0 0 9e*e. * * * *.*. e , *a
NUMBER

P4 K PHY SICAL D A T A  
TYPE TYPE

1 9 21 .190 .666 1.120 1 .172 .696 .570 .180

. 200  24 . 6 0 0  9 .400  3.319 2 8 . 7 5 0  25 .250 26.000 2L.7~~
50.000 -0 .000 — 0. 00 0 —0.000 —0.000  — 0.000 —0.000  —0.001

2 1 —O 8 . O O C  1.200  .100 30000000 .000  — 0 . 0 0 0  —0.000  0 .000
3 1 —0 3 .500  1.200 .100 30000000.000 —0.000 —0 .000 — 0 . 0 ) 0
4 1 ‘0 4 . 5 0~ .62 5  .03 2  16000000.000  —0.000  — 0 . 0 0 0  — 0 . 0 0 0
5 1 —0 3 . 0 0 0 .625 .032 16000000 .000 —0 .000  — 0 . 0 0 0  — 0 . 0 0 0
6 1 —0 11. ’00 . 62 5  .032  16000000.000 — 0 . 0 0 0  — 0 . 0 0 0  — 0 . 0 0 0
7 1 — 0 3 .0 0 0  .6 25  .032 16000000.000 — 0 . 0 0 0  — 0 . 0 0 0  — 0 . 0 0 0
8 1 -0 2 . 0 0 0  1 .100  • 100 16000000.000 —0.000  —0 .000  — 0 . 0 0 0
9 I —O 2 . 5 0 0  1.000 .049 15000000 .000 — 0.000 — 0.000 — 0 . 0 0 0
10 1 -0 1 1.000 1.000 - . 04 9  16000000 .000  — 0.000  —0 .00 0  — C . 000
11 1 —0 9 .000 1.000 .049 16000300.000 — 0.000  —0.00 0  — 0 . 0 0 0

1Z 1 —0 2 .100 l . C 0 O  .C4 9  16000000.000 —0.000  —0 .00 0  — 0 . 0 2 0
13 1 — 0 4 . 5 0 0 1 .000 .049 16000000.000 —0.000 — 0 .0 0 0  — 0 . 0 0 0

14 1 —0 4 . 0 0 0  1.000 .049 16000000.000 —0.000 — 0 . 0 0 0  — 0 . 0 0 0

IS 3 —0 14.500 —0.000 —0.000 — 0.000 —0 .000 — 0 .000 — 0 .000

16 1 —0 6.000 .750 .035 16000000.000 —0.000 —0.000 — 0.00 0

17 1 —0 7.000 .750 .035 16000000.000 —0 .000 —0 .000 —0 .000

5 ‘. - . I ’ ~’C  — 0 . 2 1  I f  ~~0 . 17,7 1) — 0 .0 1) 0 —0.0 11 0 — 0 . 0 0 0  — 0 . 0 0 0

j ’ I 4 -0 .3’.f, — C . C ) ~ -0 .000  — 0 .000  — 0 . 0 0 0  — 0 . 0 0 0  .10 .000

I - )  ~~I . 1 ’ ~ . • 5~~D . 02 4  16000)00 .300  — 0 . 0 0 0  — 0 . 0 0 0  — 0 . 0 0 0

21 ~~
‘I ~ - ‘.. ‘~~1 • 31 5 .0i’~ 16 0 0 000 0 .000  .10. 011.) ~ 0. fl7 ) ’ )

2’ I — I ‘I ’l • 
- C I • 3 1 5  • 00? 3 6 ) 1 0 )0 17 . (‘ ‘10 — 0 . 0 0 0  — ‘2 .000 — 0 .0.13

2’ I S  - ‘  I l l .  ) I )  . 113 — 0 . 000 —0 .000 _ 3 . C C D 0  —‘1 . -Du O — 0 . 0 0 0

0’ . 4 -1 ~~ P 1 (  — ‘ C . C C O  _ Q • ( (7 ) )  -.1.0)0 —0 .000 ‘). ‘~‘10 .10.011’

24 1 -0 ~~~5 . ‘ I i ’ )  • 3 76 .011. L5 0(I0000.000 — 0 . 0 1) 0  ~- 0 .’ 1O0 - 0 .0 0 3

71 I, 2 . ‘ O C’C. ” O(  — 0 . 0 0 0  -(1.000 0 .(I00 — 0 . 5-C ) — 0 . 0 ) 1

— ~I,. CII . )‘ -C .0 4 6  i~~ 0 I 0 0 G) S .  ‘1210 - 0 . 210 0 — 0 . 0 0 0  - 0 . 0~~’2

7 . 1 1, “ I  1 1 5 . 1 1 1  1.4 5- -0 . 0 - IC )  —0 .0 -1 0 — O . u ’ ) O  — 0 . 0 0 0  — 0 . 0 1 0

21 1 I ~~(I 1 . ) , ’ ‘ I • 170  • 1’C 13 1’,00100-) .000 .10 . 0 ) 0  — 0 . 0 0 )  — 0 .  C C ’

Is i 4 ’I ‘‘I I  .‘ I )  4 . 5’. )  -0.0-1 ) — 0. 00 0 — 0 .000  —0 .0 ( 10 — O . -’) ’ 2
2, 3 241 ‘ I ’ . I 4 7 ’ ” ’  ¶ 11 ~~I I  I 1( . ’C !  31.) 4~~I l 1 1 7 5  I 7 14 9
7 0 1 . ’~~~~ 

I , ’ I I I I , .. 1 . 1 1 ’ 1 1 , C I 0  7 7 I 4 2, IS 1 8 1) ~~ I I  4 2  11 F’. 4 4  1’. 1 7
I. / ~~ - ‘ • ‘ I l - ’ ) : C I I I , I 4  I , . 11 I , C C I I’ I 8 9

I ) - ‘ ~~~~~ , -~ I .  ‘ ‘ ‘ I I ~~~I~~~~’ I~~ ‘‘ 0’ ‘ 4 1. 9 4 7  i T  37 ,~~. ‘II

I I 15 7 ’  I I S ) I - I l ~~~ l I I  C I I I  I I I  I . ! l I ” 4 I l ~~~4 ç  ‘ 4 6 9 I? 11 2 2 75  /4

FIGURE 3—1 Typ Ical P re—Plo t  Computer  O u t p u t
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pressure amplitude is the peak value of the pressure sine wave for the fund amental

frequency only, at the j unc tion of elemen ts 6 and 7 . This plot is 5~~f lOflOTflOUS with

test  results obtained when using a spectrum analyzer  s torage  osc i l loscope  to r i ’cerd

fundamental  frequency pressure am pl i tudes at tha t  j u n c t i o n  in the system as pump

speed is var ied over the rpm range (photograph in Figure 3—2).

Pump speeds which cause maximum ampli tude resonant response in the  circuit

* 

are ident i f ied  by the major peak ampli tudes , in th is  case at about 1450 , 2850 , and

3125 rpm. Note the numerous minor resonant responses which occur in a comp lex

multi—branch circuit such as the illustrated F—15 PC—l system . For a given ma l or

- r esonant  speed (rpm) , the computed peak input pressure  at each element may be

p lo t t ed  (manually)  against  the physical location of each element in the circuit.

The resulting standing wave pattern is shown in Figure 3—3 , which compares computed

— 
pressures to actual test measurements made on the F—is iron bird PC-i hydraulic

sy s t e m . This form is u s e f u l  in analyzing potential system modifications which

may reduce and/ or  relocate major  resonant cond i t ions .

A similar computer output plot and standing wave plot are shown in Figures

3—4 and 3—5 , respectively, for a simp le , s t r a i g h t  tes t  c i r c u i t  modeled and

t e s t ed  w i t h  the F—4 a i r c r a f t  Abex pump . Note the lack of minor resonant responses

in the  simp le c i r cu i t  and the excel lent  p red ic t ion  of both the first and second malor
~

resonant speeds. Fundamental frequency half wave amp litudes predicted by t he  e a r l ie r

• HSFR program , as shown in Figures 3—2 through 3—5 , are about 20’>’ lower than actual

measured vales .  Ampl i tudes  predicted by the  c u r r e n t  program ar c  ,‘ ihout 20” higher

t h an  measured va lues .  This Is p r i m a r i l y  due  to changes  made i n  the PI1MP s u b r o u t i n e .

L

it is necessary to understand the behavior of acoustic waves in a closed

system in order to interpret the relationship between the pressure and flow at

a par ticular poin t in a system , and the amp litudes at other posltior-I . A::1:,::e:::
:::: : :T:~~~~~i:T:~~ 

s tan d i ng  wave ’  for  ea:h -
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harmonic frequency. Appendix A , Volume IV, describes how these waves are

distributed along a line, and the relationship between pressure and flow, and

distance along the line. The program user must understand this part of the

subject to preclude drawing erroneous conclusions from the results of a single

point pressure measurement , or calculation.

Acoust ic  energy analysis  may also be performed wi th  the program . Figure

3—6 is an output  plot of the acoustic energy densi ty  at the input to  element

number 6 in the F— l5 PC—l system . The energy densi ty  represen ts  the  to ta l  of

kinetic ( f low)  p lus potent ia l  (pressure) acous t ic  energy . In th is  case , the

to t a l  energy densi ty  is about 28 m il l iwa t t s  per cubic inch at the  low resonance

speed . Figure 3—7 is an output plot of the acoustic intensity or power at element

number 6. The acoustic intensity is analogous to active AC electrical power

flowing past the junction of element numbers 5 and 6. The active power is product

of the in—phase component of the oscillating flow and pressure. The active

acoustic power at the low and high resonant speeds is 41 and 33 watts , respect ivel>” .

I.
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Spectrum Analyzer Ou tpu t -

Run 4B, Y—Axis 19.7 PSI/CM
I X—Axis 500

- ! 

0-5000 RPM

Peak pressure

to element No. 7.
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FIGURE 3-2

Computed and Measured Fundamental Frequency Response, F—15 PC—l System
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250 I I
0 Measu red 2900 rpm
A Computed 2850 rpm

200

@1

I)

~~~15O
(Reference Figure 3•2)~ - .

\,~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• Element No. 1 2 3 4 5 6 ‘i 8 9 10 11 12 13 14 15 16 17 18

~“Mar~3old ’~’1 
5/8 x 0.032 Line_ _0.l~ I.’1s 1 x 0.049 Line —J _3/4~~~ 035.j

Port Bulkhead Filter ALS
Plate Fitting Valve

0P74-077 I 4

FI GURE 3-3
STANDING PR ESSU RE HALF WAVE - F-15 PC-i SYSTEM 
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FIGURE 3-5
STANDING PRESSURE HALF WAVE. TEST STAND F4 ABEX PUMP 
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EXAMPLE OF COMPUTED ACOUSTIC ENERG Y DENSITY 
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